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EDITOR’S  PREFA  C E 


TO  THE 

SECOND  EDITION. 


The  rapid  sale  of  the  first  English  Edition  of  this  Work  has 
justified  the  anticipation  of  the  illustrious  Chemist,  at  whose 
suggestion  I undertook  to  place  it  at  the  service  of  the  English 
student  of  chemistry.  The  numerous  commendations  it  received 
from  the  press,  I may  be  allowed  to  say,  in  my  capacity  of  Editor, 
it  fully  deserves.  The  present  edition  is  almost  a new  work,  so 
numerous  and  important  are  the  additions  and  alterations  which 
are  so  incorporated  into  its  structure  that  they  could  not  be  pro* 
duced  separately.  It  represents  the  Fourth  German  edition.  Several 
new  works  on  the  same  subject,  of  various  pretensions,  have  made 
their  appearance  in  this  country  since  this  was  published — they 
have  not  retarded,  on  the  contrary  they  seem  rather  to  have  facili- 
tated its  sale. 

The  increasing  taste  for  practical  chemistry,  indicated  by  this 
effiux  of  books,  calls  especially  for  works  detailing  methods  which 
may  be  safely  followed  and  implicitly  relied  on.  I venture  to  affirm, 
that  in  this  respect,  the  work  of  Dr.  Eresenius  is  pre-eminent. 
Moreover,  those  works  intended  particularly  for  the  use  of  stu- 
dents who  enjoy  the  advantage  of  tuition  in  a laboratory,  omit 
many  things  which  it  is  absolutely  necessary  for  him  to  know 
from  some  source.  Indeed  this  is  the  only  work  in  the  English 
language  adapted  for  self-instruction.  With  a previous  general  ac- 
quaintance with  chemistry,  derived  from  attendance  on  a course  of 
lectures,  or  from  the  perusal  of  some  introduction  to  the  science 
of  which  many  excellent  ones  exist,  any  person  may  take  up  this 
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work,  and  make  himself  an  expert  analyst.  And  after  all  the 
assistance  given  by  a teacher,  the  chemist,  when  left  to  his  own 
resources,  still  requires  a guide  to  whom  he  may  safely  have  re- 
course for  facts  which  have  escaped  his  memory.  Both  as  a syste- 
matic course  of  study,  and  as  a hook  of  reference.  Dr.  Frescnius’s 
work  is  unrivalled.  It  has  been  duly  appreciated,  since  it  is 
nowT  translated  into  most  European  languages,  and  reprinted  in 
America. 

J.  LLOYD  BULLOCK. 


22,  Conduit  Street , May,  1840. 


PREFACE 


BY  PROFESSOR  LIEBIG. 


Dr.  Fresenius  conducts  the  course  of  elementary  instruction, 
in  mineral  analysis,  in  the  laboratory  of  the  University  of  Giessen. 
During  the  two  last  sessions  he  has  followed  the  method  described 
in  his  work,  entitled,  “ Elementary  Instruction  in  Qualitative 
Chemical  Analysis.”  This  method  I can  confidently  recommend 
from  my  own  personal  experience  to  all  who  are  desirous  of  ob- 
taining instructions  in  inorganic,  analysis,  for  its  simplicity,  useful- 
ness, and  the  facility  with  which  it  may  he  apprehended. 

I consider  Dr.  Fresenius’  work  extremely  useful  as  an  intro- 
duction to  Professor  H.  Hose’s  excellent  manual,  and  for  adoption 
in  institutions  where  practical  chemistry  is  taught,  hut  it  is  espe- 
cially adapted  to  the  use  of  Pharmaceutical  Chemists. 

Further,  a number  of  experiments  and  discoveries  have  been 
recently  made  in  our  laboratory,  which  have  enabled  Dr.  Fresenius 
to  give  many  new  and  simplified  methods  of  separating  substances, 
which  will  render  his  work  equally  welcome  to  those  who  already 
are  familiar  with  the  larger  works  on  inorganic  analysis. 


JUSTUS  LIEBIG. 


EDITOR’S  PREFACE. 


This  work  of  Dr.  Fresenius  has  already  gone  through  two 
editions  in  Germany.  The  abundant  opportunities  enjoyed  by  its 
author  of  discovering  the  wants  felt  by  students  in  entering  upon 
the  practice  of  chemical  analysis,  and  his  position  in  the  school  at 
Giessen,  has  enabled  him  to  devise  a method  of  study  of  the 
highest  value.  That  it  has  received  the  approbation  of  the  illus- 
trious head  of  that  school,  and  the  benefit  of  three  years  practical 
experience  under  his  immediate  observation,  must  powerfully  re- 
commend it  to  the  English  student  of  chemistry.  Whoever  is 
desirous  of  obtaining  the  knowledge  necessary  to  become  a prac- 
tical chemist,  will  be  in  no  small  degree  indebted  to  Dr.  Fresenius 
for  the  facilities  thus  afforded  him.  Every  one  who  knows  any- 
thing of  Giessen,  will  bear  testimony  to  the  rigid  economy 
of  time,  and  the  resolute  adoption  of  every  improvement  in 
method  which  characterise  that  school,  and  serve  to  accomplish 
the  many  chemists  annually  flocking  there  for  the  completion 
of  their  studies.  The  author,  in  his  preface  to  the  first  edition, 
tells  us  that  he  was  led  to  compose  this  volume  upon  perceiving 
that  the  larger  works  on  chemical  analysis,  such  as  H.  Kose’s, 
Duflos’,  and  others,  although  admirable  in  themselves,  present 
great  difficulties  to  beginners,  which  difficulties  may  be  summed 
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up  under  three  heads;  1st,  Too  great  copiousness  and  detail;  2nd, 
The  abseDce  of  explanations  of  the  causes  of  phenomena,  i.  e.  the 
theory  of  the  operations  and  reactions ; and  3rd,  The  omission 
altogether  of  many  substances  of  very  frequent  occurrence,  espe- 
cially in  the  operations  of  the  pharmaceutist,  such  as  the  organic 
acids,  &c. 

In  avoiding  these  objections  to  former  works  on  chemical  ana- 
lysis, Dr.  Fresenius,  I think,  is  not  chargeable  with  having  fallen 
into  the  opposite  extreme  of  being  too  concise  or  elementary. 

The  student  may,  perhaps,  at  first  be  disappointed  in  taking 
up  this  work,  to  find  that  there  are  no  tables  constructed  to  fur- 
nish him  at  a glance  with  all  he  is  desirous  to  know  of  tests  and 
reactions,  and  to  save  him,  as  ho  may  think,  trouble  and  time. 
But  this  has  not  arisen  from  oversight ; the  question  of  the 
advantage  or  disadvantage  of  tables  to  the  student  has  been  fully 
considered,  and  the  author  has  decided, — and  tho  decision  is 
borne  out  by  the  highest  authorities, — that  such  tables  serve  no 
really  good  purpose ; they  rather,  on  the  contrary,  supply  but 
very  superficial  information,  and  satisfy  the  student  before  they 
have  really  informed  him.  Tho  information  contained  in  this 
work,  like  every  other  professing  to  teach  a practical  science, 
requires  application  and  perseverance  to  attain  ; but  if  begun 
at  the  beginning,  if  tho  student  will  carefully  go  over  the  neces- 
sary preliminary  facts,  the  examination  of  his  tests,  and  the 
reaction  of  the  simple  bodies  consecutively,  and  make  himself 
master  of  this  very  simple  and  elementary  part  of  the  course, 
he  will  find  few  or  no  difficulties  when  entering  upon  the  more 
elaborate,  and — what  might  appear,  without  this  preparation — 
complex  and  intricate  processes  of  the  second  part,  the  analysis 
of  compound  bodies.  It  is  altogether  another  question  whether 
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the  student  should  or  should  not  exercise  himself  and  his  memory 
by  tabulating  the  results  of  his  experiments  as  he  proceeds ; and 
to  this  question  we  reply  in  the  affirmative ; but  it  must  be  left  to 
individuals  to  act  in  this,  according  to  their  own  judgment,  and 
their  own  feeling  of  its  necessity. 

In  the  preface  to  the  Second  Edition,  Dr.  Fresenius  tells  us  that 
his  work  has  met  with  much  success,  having  been  adopted  in  the 
Pharmaceutical  Institution  of  Bonn,  &c.,  as  well  as  in  the  labo- 
ratory of  Giessen  ; and  that  he  has  improved  it  by  many  correc- 
tions and  additions. 

For  my  own  part,  I may  be  allowed  to  observe  that  the  English 
edition  was  undertaken  by  the  express  desire  of  Professor  Liebig, 
who  kindly  recommended  its  being  intrusted  to  my  care.  The 
author  has  supplied  me  with  many  corrections,  and  some  addi- 
tions, and  the  hope  is  shared  by  us  in  common  that  it  will  facili- 
tate the  study  of  analytical  chemistry  to  the  English  student,  and 
in  every  way  serve  to  promote  the  interests  of  the  science. 

J.  LLOYD  BULLOCK. 

22,  Conduit  Street , October  1,  1843. 
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ELEMENTARY  INSTRUCTION 


IN 

QUALITATIVE  CHEMICAL  ANALYSIS. 


PRELIMINARY  REMARKS. 

DEFINITION,  PURPOSES,  OBJECT,  AND  IMPORTANCE  OF  QUALITA- 
TIVE CHEMICAL  ANALYSIS,  AND  CONDITIONS  WHEREON  A 
SUCCESSFUL  STUDY  OF  THIS  SCIENCE  DEPENDS. 


Chemistry  is  that  science  which  treats  of  the  various  sub- 
stances constituting  our  earth,  of  their  composition  and  decom- 
position, and  of  their  mutual  relations  and  deportment  in  general. 
A special  branch  of  this  science  is  designated  by  the  name  of 
analytical  chemistry , inasmuch  as  it  has  a definite  object  in 
view,  viz.  the  analysis  of  compound  bodies,  and  the  investiga- 
tion of  their  constituents.  If  this  investigation  is  confined  to  the 
nature  and properties  of  the  latter,  the  analysis  is  called  qualita- 
tive; hut  if  the  quantity  of  every  individual  element  is  to  be 
ascertained,  the  analysis  is  termed  quantitative.  The  object  of 
qualitative  analysis,  therefore,  is  to  exhibit  the  constituent  parts 
of  an  unknown  substance  in  forms  already  known , and  which 
consequently  admit  of  safe  inferences  as  to  the  nature  of  every 
individual  element.  The  value  of  its  method  depends  on  two 
circumstances,  viz.  it  must  attain  the  object  in  view  with  unerring 
certainty,  and  in  the  most  expeditious  manner.  Whereas,  it  is 
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the  object  of  quantitative  analysis,  to  exhibit  the  elements,  revealed 
by  the  qualitative  investigation,  in  such  forms  as  admit  of  the 
most  accurate  determination  of  their  individual,  and  proportional, 
amount  or  weight. 

The  ways  and  means  by  which  these  distinct  objects  are  respec- 
tively attained,  differ  much  from  each  other.  It  is  obvious, 
therefore,  that  the  study  of  qualitative  analysis  must  be  separated 
from  that  of  quantitative  analysis,  and,  as  a matter  of  course, 
must  precede  it. 

Having  thus  generally  defined  the  design  and  objects  of  quali- 
tative analysis,  I will  now  proceed  to  discuss  briefly,  in  the  first 
place,  the  preliminary  information  which  qualifies  students  to  cul- 
tivate this  branch  of  science  successfully,  the  rank  which  it  occu- 
pies  in  chemistry,  the  objects  to  which  it  applies,  and  the  advan- 
tages derived  from  it ; and,  in  the  second  place,  the  main  points 
whereon  its  study  is  based,  and  the  principal  parts  into  which  it  is 
distributed. 

It  is,  above  all,  absolutely  indispensable  for  the  pursuit  of  qua- 
litative investigations,  that  the  student  should  possess  some  know- 
ledge of  the  chemical  elements , and  of  their  most  important  com- 
binations, as  well  as  of  the  principles  of  chemistry  in  general, 
combined  with  a certain  readiness  in  the  apprehension  of  chemical 
processes.  The  practical  part  of  this  science  demands,  moreover, 
strict  order,  great  neatness,  and  a certain  skill  in  manipulation. 
If  the  student  combines  with  these  qualifications  the  habit  of 
invariably  ascribing  the  failures  with  which  he  may  happen  to 
meet,  to  some  error  or  defect  in  his  operations,  or,  in  other  words, 
to  the  absence  of  some  condition  or  other  indispensable  to  the 
success  of  the  experiment, — and  a firm  reliance  on  the  immuta- 
bility of  the  laws  of  nature  cannot  fail  ter  create  this  habit, — he 
possesses  every  requisite  to  render  his  study  of  analytical  che- 
mistry successful. 

Now,  although  chemical  analysis  is  thus  based  on  general  che- 
mistry, and  cannot  be  cultivated  without  some  previous  know- 
ledge of  the  latter,  yet,  on  the  other  hand,  we  must  consider 
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it  as  a kind  of  corner  stone,  upon  which  the  entire  structure  of 
this  science  rests  ; for  it  is  almost  of  equal  importance  for  all 
branches  of  theoretical,  as  well  as  of  practical  chemistry ; and  I 
need  not  expatiate  here  on  the  advantages  which  the  physician, 
the  apothecary,  the  mineralogist,  the  rational  farmer,  the  manu- 
facturer, the  artisan,  and  many  others,  derive  from  analytical 
chemistry. 

This  alone  -would  he  sufficient  reason  to  recommend  a thorough 
and  diligent  study  of  this  branch  of  science,  even  if  its  cultivation 
lacked  those  attractions  which  it  unquestionably  possesses  for  every 
one  who  devotes  himself  zealously  and  ardently  to  it : The  human 
mind  is  constantly  striving  for  the  attainment  of  truth  ; it  delights 
in  the  solution  of  enigmas,  and  where  do  we  meet  with  a greater 
variety  of  problems,  more  or  less  difficult  of  solution,  than  in  the 
province  of  chemistry  ? But  as  a problem,  for  which,  after  long 
pondering,  we  fail  to  discover  the  key,  wearies  and  discourages 
the  mind, — so,  in  like  manner,  do  our  chemical  investigations,  if 
wre  fail  to  attain  the  object  in  view,  if  our  results  do  not  hear  the 
stamp  of  truth, — of  unquestionable  certainty.  A half -knowledge 
is  therefore,  as  indeed  in  every  department  of  science,  hut  more 
especially  here , to  he  considered  worse  than  no  knowledge  at  all ; 
and  a mere  superficial  cultivation  of  chemical  analysis  is  conse- 
quently to  he  particularly  guarded  against. 

A qualitative  investigation  may  he  made  with  a twofold  view, 
viz.  either,  1st,  to  prove  that  a certain  definite  body  is  or  is  not 
contained  in  a substance,  e.  g.  lead  in  wine ; or,  2nd,  to  ascertain 
all  the  constituents  of  a chemical  compound  or  mixture.  Any 
substance  whatever  may,  of  course,  become  the  object  of  a che- 
mical analysis. 

In  the  present  work,  however,  we  purpose  to  confine  ourselves 
to  those  elements  and  compounds  which  are  employed  in  phar- 
macy, in  the  arts  and  trades  ; viz. 

I.  Bases. 

Potass , Soda,  Ammonia,  Barytes , Strontia,  Lime , Magnesia. , 
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Alumina,  Oxide  of  Chromium , Oxide  of  Zinc,  Protoxide  oj 
Manganese,  Protoxide  of  Cobalt,  Protoxide  of  Nickel,  Protoxide 
of  Iron,  Peroxide  of  Iron,  Oxide  of  Cadmium,  Oxide  of  Lead, 
Oxide  of  Bismuth,  Oxide  of  Copper,  Oxide  of  Silver,  Protoxide 
of  Mercury,  Peroxide  of  Mercury,  Peroxide  of  Platinum,  Pe- 
roxide of  Gold,  Protoxide  of  Tin,  Peroxide  of  Tin,  Oxide  of 
Antimony. 

II.  Acids. 


Sulphuric  Acid,  Nitric  Acid,  Phosphoric  Acid,  Arsenious  Acid, 
Arsenic  Acid,  Boracic  Acid,  Carbonic  Acid,  Chromic  Acid, 
Chloric  Acid,  Silicic  Acid , Oxalic  Acid,  Tartaric  Acid,  Para- 
tartaric  or  Racemic  Acid,  Citric  Acid,  Malic  Acid,  Benzoic 
Acid,  Succinic  Acid,  Acetic  Acid,  Formic  Acid. 


III.  Salt-radicals  and  non-metallic  elements. 

Chlorine,  Iodine,  Bromine,  Cyanogen,  Fluorine,  Sulphur, 
Carbon. 


The  subject  of  qualitative  analysis  is  most  properly  divided  into 
four  principal  parts  ; viz. 

1.  The  analytical  operations. 

2.  The  reagents  and  the  mode  of  their  application. 

3.  The  deportment  of  various  bodies  with  reagents. 

4.  The  systematic  course  and  method  of  qualitative 
analysis. 

It  will  now  be  readily  understood  that  the  pursuit  of  chemical 
analysis  requires  practical  skill  and  ability,  as  well  as  theoretical 
knowledge  ; and  that,  consequently,  a mere  speculative  study  of 
it  can  be  as  little  expected  to  lead  to  success  as  purely  empirical 
experiments.  To  render  the  desired  end  attainable,  theory  and 
practice  must  be  combined. 


CHAP  TEE  I. 

OPERATIONS. 

§ 1. 

The  operations  of  analytical  chemistry  are  essentially  the  same 
as  those  of  synthetical  chemistry,  although  modified,  of  course,  to 
a certain  extent,  according  with  the  object  we  have  in  view,  and 
the  quantities  which  we  have  to  operate  upon,  in  analytical 
investigations. 

The  following  are  the  principal  operations  occurring  in  quali- 
tative analysis. 

§ 2. 

1.  SOLUTION. 

The  term  " solution ,”  in  its  widest  sense,  is  applied  to  the 
perfect  union  of  a fluid  with  any  substance,  no  matter  whether 
gaseous,  liquid,  or  solid.  But  we  call  solution  more  properly 
absorption  when  the  dissolved  substance  is  gaseous ; and  when 
liquid,  the  term  mixture  is  more  frequently  made  use  of.  The 
application  of  the  term  solution,  in  its  usual  and  more  restricted 
sense,  is  confined  to  the  perfect  union  of  a solid  substance  with  a 
fluid. 
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The  more  minutely  we  divide  any  substance  to  be  dissolved,  the 
more  we  facilitate  its  solution.  The  liquid,  by  means  of  which 
solution  is  effected,  is  called  the  solvent.  We  term  the  solu- 
tion chemical , if  the  solvent  enters  into  chemical  combination 
with  the  substance  dissolved,  simple,  if  no  definite  combination 
takes  place. 

In  a simple  solution,  the  dissolved  body  exists  in  a free  state, 
and  possessed  of  all  its  original  properties,  except  those  depen- 
dent on  its  form  and  cohesion ; it  separates  unaltered,  when  the 
solvent  is  withdrawn.  Common  salt  dissolved  in  water  is  a familiar 
instance  of  a simple  solution.  The  salt  in  this  case  imparts  its  pe- 
culiar taste  to  the  water,  and  on  evaporating  the  latter,  we  re-obtain 
common  salt  in  its  original  form.  A simple  solution  is  called 
saturated , when  the  solvent  has  received  as  much  as  it  can  hold 
of  the  dissolved  substance.  But  as  fluids  dissolve  generally 
larger  quantities  of  a substance,  the  higher  their  temperature,  the 
term  saturated,  as  applied  to  simple  solutions,  is  only  relative, 
and  refers  invariably  to  a certain  temperature.  It  may  be  laid 
down  as  a general  rule,  that  elevation  of  temperature  facilitates 
and  accelerates  simple  solution. 

A chemical  solution  contains  the  substance  dissolved,  not  in  the 
same  state,  nor  possessed  of  the  same  properties  as  before ; the 
dissolved  body  is  no  longer  free,  but  intimately  combined  with 
the  solvent,  the  latter  has  also  lost  its  original  properties  ; a 
new  substance  has  thus  been  produced,  and  the  solution  mani- 
fests therefore  now  the  properties  of  this  new  substance.  A che- 
mical solution  also  may  be  accelerated  by  elevation  of  tempera- 
ture, and  this  is  indeed  usually  the  case,  since  heat  generally  pro- 
motes the  action  of  bodies  upon  each  other.  But  the  quantity  of 
the  dissolved  body  remains  always  the  same,  in  proportion  to  a 
given  quantity  of  the  solvent,  whatever  may  be  the  difference  of 
temperature  — the  combining  proportions  of  substances  being 
invariable,  and  altogether  independent  of  the  gradations  of  tem- 
perature. 

The  reason  of  this  is,  that  in  chemical  solution,  the  solvent 
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and  the  body  upon  which  it  acts  have  invariably  opposite  proper- 
ties, which  they  strive  mutually  to  neutralize.  Further  solution 
ceases  as  soon  as  this  tendency  of  mutual  neutralization  is 
satisfied.  The  solution  is  in  this  case  said  to  be  saturated,  or 
more  properly  neutralized,  and  the  point  which  denotes  it  to  be 
so,  is  termed  the  point  of  saturation  or  neutralization.  The  sub- 
stances which  produce  chemical  solutions  are,  in  most  cases,  either 
acids  or  alkalies.  They  all  require,  in  the  first  place,  to  be  con- 
verted to  the  fluid  state  by  means  of  a simple  solvent.  When  the 
opposite  properties  of  acid  and  base  are  mutually  neutralized,  and 
the  new  compound  is  formed,  the  actual  transition  to  the  fluid 
state  will  ensue  only  if  the  new  compound  possesses  the  property 
of  forming  a simple  solution  with  the  liquid  present : e.  g.  when 
an  aqueous  solution  of  acetic  acid  is  brought  into  contact  with 
oxide  of  lead,  there  ensues,  first,  a chemical  combination  of  the 
acid  with  the  oxide,  and  finally  a simple  solution  of  the  thereby 
produced  acetate  of  lead  in  the  water  of  the  menstruum. 


Crystallization  and  precipitation  are  the  reverse  of  solution, 
since  they  have  for  their  object  the  conversion  of  a fluid  or  dis- 
solved substance  to  the  solid  state.  As  both  depend  on  the  same 
cause,  viz.  on  the  absence  of  a solvent,  it  is  impossible  to  assign 
exact  limits  to  either  ; in  many  cases  they  merge  into  one  another. 
We  must,  however,  consider  them  separately  here,  since  they  differ 
essentially  in  their  extreme  forms  ; and,  moreover,  since  the  spe- 
cial objects  which  we  purpose  to  attain  by  their  application  are,  in 
most  cases,  very  distinct. 

§ 3. 

2.  CRYSTALLIZATION. 

We  understand  by  the  term  crystallization,  in  a more  general 
sense,  every  operation,  or  process,  whereby  bodies  are  induced  to 
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pass  from  tlie  fluid  to  the  solid  state,  and  to  assume  certain  regu- 
lar, determinate,  geometrical  figures.  But,  as  these  figures,  which 
we  call  crystals , are  the  more  regular,  and  consequently  the  more 
perfect,  the  more  slowly  the  operation  is  carried  on,  we  always 
connect  with  the  term  “ crystallization/'  the  accessory  idea  of  a 
slow  separation, — of  a gradual  conversion  to  the  solid  state.  The 
formation  of  crystals  depends  on  the  regular  arrangement  of  the 
ultimate  constituent  particles  of  bodies  ( molecules  or  atoms ) ; it 
can  only  take  place,  therefore,  if  these  atoms  possess  perfect  free- 
dom of  motion,  and  thus,  in  general,  only  when  a substance 
passes  from  the  fluid  or  gaseous  to  the  solid  state.  Those  cases, 
in  which  crystallization  is  induced  by  the  simple  ignition,  or 
softening  of  a solid  body,  are  to  he  considered  as  exceptions, — 
thus,  for  instance,  barley-sugar  becomes  white  and  opaque  (crys- 
tallized) when  moistened. 

To  induce  crystallization,  we  have  to  remove  the  causes  of 
the  fluid  or  gaseous  form  of  a substance.  These  causes  are, 
either  heat  alone , e.  g.  in  fused  metals,  or  solvents  alone , as 
in  an  aqueous  solution  of  common  salt ; or  both  combined,  as  in 
a hot  and  saturated  aqueous  solution  of  nitrate  of  potass.  In  the 
first  case,  we  obtain  crystals  by  cooling  the  fused  mass  ; in  the 
second,  by  evaporating  the  menstruum  ; and  in  the  third  by  either 
of  these  means.  The  most  frequently  occurring  case  is  that  of 
crystallization  by  cooling  hot  saturated  solutions.  The  liquors 
which  remain  after  the  separation  of  the  crystals,  are  called  mother 
waters,  or  mother  liquors.  The  term  amorphous  is  applied  to 
such  solid  bodies  as  have  no  crystalline  form. 

We  induce  crystallization  generally,  either  to  obtain  the  crys- 
tallized substance  in  a solid  form,  or  to  separate  it  from  other 
substances  dissolved  in  the  same  menstruum. 

§ 4. 

3.  PRECIPITATION. 

This  operation  differs  from  crystallization  inasmuch  as  in  pre- 
cipitation the  dissolved  substance  is  converted  to  the  solid  state, 
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not  in  a slow  and  gradual  manner,  but  suddenly  ; it  is  a matter  of 
perfect  indifference,  as  regards  the  application  of  the  term  precipi- 
tation to  the  process,  whether  this  substance  is  crystalline  or  amor- 
phous, whether  it  gravitates  to  the  bottom  of  the  vessel,  or  ascends 
or  remains  suspended  in  the  liquid.  Precipitation  is  caused  either 
by  modification  of  the  solvent — thus  sulphate  of  lime  (gypsum) 
separates  immediately  from  its  solution  in  water  upon  the  addition 
of  alcohol — or  it  ensues  in  consequence  of  the  separation  of  an 
educt  insoluble  in  the  menstruum  ; thus,  when  ammonia  is  added 
to  a solution  of  sulphate  of  alumina,  the  latter  salt  is  decomposed, 
and  the  alumina,  not  being  soluble  in  water,  precipitates.  Preci- 
pitation takes  place  also  when,  by  the  action  of  simple  or  double 
chemical  affinity,  new  combinations  ensue  which  are  insoluble  in 
the  menstruum ; thus,  oxalate  of  lime  precipitates  upon  adding 
oxalic  acid  to  a solution  of  acetate  of  lime,— chromate  of  lead 
upon  mixing  chromate  of  potash  with  nitrate  of  lead.  In  decom- 
positions of  this  kind,  induced  by  simple,  or  double  affinity,  one  of 
the  new  compounds  remains  generally  in  solution,  and  the  same 
is  sometimes  the  case  with  the  educt, — thus  in  the  instances  just 
mentioned,  the  sulphate  of  ammonia,  the  acetic  acid,  and  the 
nitrate  of  potass,  remain  in  solution.  It  may,  however,  happen 
also  that  both  product  and  educt,  or  the  two  products,  precipitate, 
and  that  nothing  remains  in  solution  ; this  is  the  case,  for  in- 
stance, when  a solution  of  sulphate  of  magnesia  is  mixed  with 
water  of  barytes  ; or  a solution  of  sulphate  of  silver  with  chloride 
of  barium. 

Precipitation  is  applied  for  the  same  purposes  as  crystallization, 
viz.  either  to  obtain  a substance  in  the  solid  form,  or  to  separate 
it  from  other  substances  dissolved  in  the  same  menstruum.  But 
in  qualitative  analysis  we  resort  to  this  operation  more  particularly 
for  the  purpose  of  detecting  and  distinguishing  substances  by  the 
color,  properties,  and  general  deportment,  which  they  exhibit  when 
precipitated,  either  in  an  isolated  state,  or  combined  with  other 
substances.  The  solid  body  separated  by  this  process,  is  called 
th & precipitate,  and  the  substance,  which  acts  as  the  immediate 
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calise of  its  separation,  is  termed  the  precipitant . For  the  sake 
of  a more  particular  designation,  we  apply  various  terms  to  pre- 
cipitates, according  to  their  different  nature  ; thus  we  distinguish 
crystalline,  pulverulent,  flocculent,  curdy,  gelatinous,  precipitates, 
&c.  &c. 

The  terms  turbid , turbidity , are  made  use  of  to  designate  the 
state  of  a fluid  which  contains  a precipitate  so  finely  divided  and 
so  inconsiderable  in  amount,  that  the  suspended  particles,  although 
impairing  the  transparency  of  the  fluid,  yet  cannot  he  clearly  dis- 
tinguished. We  may  generally  promote  the  separation  of  a 
precipitate  by  strongly  agitating  the  menstruum,  and  also  by 
elevating  its  temperature.  The  vessels  used  for  the  purpose  of 
precipitation  should  therefore,  if  possible,  admit  of  both  these 
operations.  In  qualitative  analysis  we  employ  principally  tubes 
of  thin  glass,  closed  at  the  bottom,  such  as  are  usually  called  test- 
tubes,  or  test- cylinders,  (§  14.  7.);  these  enable  us,  moreover,  to 
operate  upon  very  minute  quantities,  to  inspect  the  whole  process, 
and  to  observe  the  color  of  liquids  and  precipitates. 


The  two  operations  described  at  § 5 and  6,  viz.  filtration  and 
decantation , serve  to  effect  the  mechanical  separation  of  fluids 
from  matter  suspended  therein. 


4.  FILTRATION. 

This  operation  consists  simply  in  passing  the  fluid  from  which 
we  wish  to  remove  the  mechanically-suspended  solid  particles 
through  a filtering  apparatus,  formed  usually  by  a properly- 
arranged  piece  of  unsized  paper,  supported  by  a funnel ; an  ap- 
paratus of  this  description  allows  the  fluid  to  trickle  through  with 
ease,  whilst  it  retains  the  solid  particles  completely.  We  employ 
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smooth  filters  and  plaited  filters  : the  former,  in  cases  where  the 
defiltrated  solid  substance  is  to  he  made  use  of ; the  latter,  when 
we  merely  wish  to  clear  the  solution.  Smooth  filters  are  prepared 
by  double  folding  of  a circular  piece  of  paper  in  such  a manner, 
that  the  folds  form  right  angles.  The  preparation  of  plaited 
filters  is  more  properly  a matter  for  ocular  demonstration  than  for 
description.  In  very  precise  operations,  the  filters  must  not  pro- 
ject over  the  brim  of  the  funnel.  It  is  in  most  cases  advisable  to 
moisten  the  filter  previously  to  passing  the  fluid  through  it ; since 
this  not  only  tends  to  accelerate  the  process,  hut  it  renders 

the  solid  particles  less  liable  to  pass  through  the  pores  of  the 
filter.  The  paper  selected  for  filters  must  he  as  free  as  possible 
from  inorganic  substances,  especially  from  iron  and  lime.  It  is 
advisable  always  to  keep  two  kinds,  one  of  greater  density 

for  the  separation  of  very  finely-divided  precipitates,  and  one  of 
greater  porosity  for  the  speedy  separation  of  grosser  particles. 
The  funnels  must  he  either  of  glass  or  of  porcelain.  (§14.  10.) 

§ 6. 

5.  DECANTATION. 

This  operation  is  frequently  resorted  to  instead  of  filtration, 
when  the  solid  particles  to  he  removed  are  of  considerably  greater 
specific  gravity  than  the  liquid  in  which  they  are  suspended  ; 

since,  in  that  case,  they  will  speedily  subside  to  the  bottom, 

rendering  it  easy,  either  to  decant  the  supernatant  liquid  by 
simply  inclining  the  vessel,  or  to  remove  it  by  means  of  a 
syphon. 

In  cases  where  filtration  or  decantation  are  applied  for  the  pur- 
pose of  obtaining  the  solid  substance,  the  latter  must  he  freed, 
subsequently,  by  repeated  washing  from  the  liquid  still  adhering 
to  it.  This  operation  is  also  termed  edulcoration  or  rinsing. 
The  edulcoration  of  precipitates  collected  in  a filter  is  usually 
effected  by  means  of  a syringe  bottle,  such  as  is  represented  by 

Figure  1. 
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The  syringe  bottle  illustrated  by  Fig.  I,  consists  of  a flask, 
closed  with  a perforated  cork,  into  which  is  adapted  a small  glass 
tube,  drawn  out  to  a fine  point  at  the  top  (a).  If  air  be  blown 
into  the  flask  through  this  tube,  and,  when  the  air  is  sufficiently 
compressed,  the  flask  be  reversed,  so  as  to  immerse  the  inner  aper- 
ture of  the  tube  in  the  water,  a fine  jet  of  water  will  be  expelled 
with  a certain  degree  of  force  ; this  contrivance  is  admirably 
adapted  for  rinsing  precipitates. — Fig.  2.  represents  a syringe 
bottle  of  different  construction ; this  is  used  to  wash  preci- 
pitates with  boiling  water ; it  affords,  moreover,  this  advantage, 
that  it  enables  the  operator  to  produce  a continuous  stream  of 
water.  The  engraving  needs  no  explanation, — the  tube  a is 
drawn  out  into  a fine  point  at  its  anterior  aperture. 

There  are  four  operations  which  serve  to  separate  volatile  sub- 
stances from  less  volatile,  or  from  fixed  bodies,  viz.  evaporation, 
distillation,  ignition,  and  sublimation.  The  two  former  of 
these  operations  are  applied  exclusively  to  fluids,  the  two  latter 
exclusively  to  solids. 

§ 7. 

6.  EVAPORATION. 

This  operation  is  of  very  frequent  occurrence.  It  serves  to 
separate  volatile  fluids  from  less  volatile,  or  from  fixed  bodies, 
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(no  matter  whether  solid  or  fluid,)  in  cases  where  the  residuary 
substance  alone  is  of  importance,  whilst  the  evaporating  matter  is 
entirely  disregarded  ; — thus,  for  instance,  we  have  recourse  to  eva- 
poration for  the  purpose  of  removing  from  a saline  solution  part 
of  the  water,  in  order  to  induce  the  salt  to  crystallize;  we  resort 
to  this  process  also  for  the  purpose  of  removing  the  whole  of  the 
water  of  the  menstruum  from  the  solution  of  a non-crystalline 
substance,  so  as  to  obtain  the  latter  in  a solid  form,  &c.  &c. 
The  evaporated  water  is  entirely  disregarded  in  either  of  these 
cases,  and  the  only  object  in  view  is,  to  obtain,  in  the  former 
case,  a more  concentrated  fluid,  and,  in  the  latter,  a dry  sub- 
stance. These  objects  are  invariably  attained  by  converting  the 
fluid  which  is  to  be  removed  into  the  gaseous  state  ; and  this  ge- 
nerally by  the  application  of  heat ; sometimes,  also,  by  leaving  the 
fluid  for  a certain  time  in  contact  with  the  atmosphere,  or  with 
confined  air,  which  is  constantly  kept  dry  by  hygroscopic  sub- 
stances ; or,  finally,  in  many  cases,  by  placing  the  fluid  in  rarified 
air,  with  simultaneous  application  of  hygroscopic  substances. 
The  process  of  heating  is  conducted  either  over  an  open  fire,  (as 
coal-fire  or  flame  of  spirits  of  wine,)  or  in  the  sand-bath,  or  by 
means  of  steam,  (in  the  water-bath,)  &c.  &c.  Concentrated  sul- 
phuric acid,  quick  lime,  and  chloride  of  calcium,  are  the  cheapest 
and  most  efficient  hygroscopic  substances.  The  vessels  used 
in  evaporation  are  made  of  porcelain,  glass,  platinum,  or  silver, 
and  have  usually  the  shape  of  a dish  or  shallow  basin. 

§ 8. 

7.  DISTILLATION. 

This  operation  serves  to  separate  a volatile  liquid  from  a less  vo- 
latile or  fixed  substance,  (no  matter  whether  solid  or  fluid,)  and 
subsequently  to  recover  the  evaporated  fluid.  In  order  to  attain 
this  object,  it  is  necessary  to  reconvert  the  liquid  from  the  gaseous 
form  in  which  it  evaporates  into  the  fluid  state.  A distilling  appa- 
ratus consists,  consequently,  of  three  parts,  no  matter  whether  ad- 
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mitting  of  separation  or  not.  These  three  parts  are — 1st,  a vessel 
in  which  the  liquid  to  he  distilled  is  heated,  and  thus  converted 
into  vapor;  2nd,  an  apparatus  in  which  this  vapor  is  cooled  again 
or  condensed , and  thus  reconverted  to  the  fluid  state ; and  3rd, 
a vessel  which  receives  the  thus  reproduced  fluid,  (the  distillate). 
In  distillation  on  a small  scale,  we  employ  generally  small  glass 
retorts  and  receivers,  hut  for  the  distillation  of  large  quantities, 
we  use  either  a metallic  apparatus, — a copper  still  with  helmet, 
and  condensing-tuhe  of  tin,  —or  large  glass  retorts. 


§ 9. 

8.  IGNITION. 

Ignition  is,  in  a certain  measure,  for  solid  bodies,  what  evapo- 
ration is  with  regard  to  fluids;  since  it  serves  (at  least  generally) 
to  separate  volatile  substances  from  less  volatile,  or  from  fixed 
bodies,  in  cases  where  the  residuary  substance  alone  is  of  import- 
ance. Ignition  always  requires  the  application  of  a high  tempera- 
ture, and  in  this  it  differs  from  exsiccation.  The  form  or  state 
which  the  eliminated  substance  assumes  on  cooling,  is  a matter  of 
perfect  indifference  as  to  the  term  we  apply  to  the  operation. 

The  elimination  of  a volatile  substance  is  the  most  frequent 
purpose  of  ignition.  In  some  instances,  however,  substances  are 
ignited  simply  for  the  purpose  of  modifying  their  state,  with- 
out any  volatilization  taking  place  ; thus  the  oxide  of  chromium 
is  converted  by  ignition  into  its  insoluble  modification,  &c.  &c. — 
Crucibles  are  the  vessels  made  use  of  in  ignition.  In  analytical 
experiments  we  select,  according  to  the  substances  to  be  ignited, 
either  porcelain,  platinum,  or  silver  crucibles.  In  operations 
on  a large  scale,  we  use  either  hessian,  or  black-lead  crucibles. 
The  necessary  heat  is  derived  either  from  a cliarcoal-fire  or,  in 
experiments  on  a small  scale,  generally  from  a Berzelius'  spirit- 
lamp. 


§ 10,  11.] 
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§ 10. 

9.  SUBLIMATION. 

The  term  sublimation  designates  that  proeess  which  serves  to 
expand  solid  bodies  into  vapor,  by  the  application  of  heat,  and 
subsequently  to  recondense  the  vapor  to  the  solid  state,  by  refri- 
geration ; — the  substance  thus  volatilized  and  recondensed  is 
called  a sublimate.  Sublimation  is  consequently  a distillation  of 
solid  bodies.  We  have  recourse  to  this  process  mostly  to  effect 
the  separation  of  substances  possessed  of  different  degrees  of  vola- 
tility. Its  application  is  of  the  highest  importance  in  analysis  for 
the  detection  of  several  substances,  e.  g.  of  arsenic.  The  vessels 
used  in  sublimation  are  of  various  shapes,  according  to  the  dif- 
ferent degrees  of  volatility  of  the  substances  we  have  to  operate 
upon.  In  sublimation  for  analytical  purposes  we  employ  generally 
glass  tubes  closed  at  both  ends. 

§ 11. 

10.  FUSION  AND  FLUXING. 

We  designate  by  the  term  fusion,”  the  conversion  of  a solid 
substance  into  a fluid  form,  by  the  application  of  heat ; fusion  is 
most  frequently  resorted  to  for  the  purpose  of  effecting  the  com- 
bination or  the  decomposition  of  bodies.  The  term  “ fluxing”  is 
applied  to  this  process  in  cases  where  substances,  either  altogether 
insoluble,  or  very  difficult  of  solution  in  water  and  acids,  are,  by 
fusion,  in  conjunction  with  some  other  body,  modified  or  decom- 
posed in  such  a manner,  that  they,  or  the  new-formed  compounds, 
subsequently  admit  of  solution  in  water  or  acids.  Fusion  and 
fluxing  are  conducted  either  in  porcelain,  silver,  or  platinum  cru- 
cibles, according  to  the  nature  of  the  analysed  compound.  Should 
a Berzelius’  spirit-lamp  fail  to  produce  the  necessary  degree  of 
heat,  the  crucible  containing  the  mixture  intended  for  fusion,  is 
to  be  introduced  into  a larger,  hessian  crucible,  and  the  latter  ex- 
posed to  a charcoal  or  coke  fire. 
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The  application  of  fluxing  is  especially  required  for  the  analysis 
of  the  sulphates  of  the  alkaline  earths,  and  also  for  that  of  many 
silicates.  The  flux  most  commonly  used  is  carbonate  of  soda,  or 
carbonate  of  potass,  or,  better  still,  a mixture  of  both,  in  equal 
atomic  proportions,  (vide  § 70).  In  certain  cases,  hydrate  of 
barytes  is  used  instead  of  the  alkaline  carbonates,  (vide  § 77). 
But  in  either  case  the  operation  is  conducted  in  platinum  cru- 
cibles. 

I have  to  add  here,  a few  precautionary  rules  for  the  prevention 
of  damage  to  the  platinum  vessels  used  in  these  operations.  No 
substance,  evolving  chlorine,  ought  to  he  treated  in  platinum  ves- 
sels ; no  nitrate  of  potass,  caustic  potass,  metals,  sulphurets,  or 
alkaline  cyanides,  should  be  fused  in  such  vessels,  nor  ought 
readily  deoxidizahle  metallic  oxides,  organic  metallic  salts,  or 
phosphates,  to  he  ignited  in  them  in  the  presence  of  organic  com- 
pounds. It  is  also  detrimental  to  platinum  crucibles,  and  espe- 
cially to  their  covers,  to  expose  them  directly  to  an  intense  char- 
coal fire,  since  the  action  of  the  ashes,  under  such  circumstances, 
gives  readily  rise  to  the  formation  of  silicide  of  platinum,  which 
renders  the  vessels  brittle. 

I have  still  to  mention,  in  this  place,  the  following  operation, 
which  hears  some  affinity  to  fusion. 


§ 12. 

11.  DEFLAGRATION. 

We  understand  by  the  term  “ deflagration ,”  in  a more  ex- 
tended sense,  every  process  of  decomposition  attended  with  noise 
or  detonation, — (the  cause  of  the  decomposition  is  a matter  of 
perfect  indifference  as  regards  the  application  of  the  term  in  this 
sense). 

We  use  the  same  term,  however,  in  a more  restricted  sense,  to 
designate  the  oxidation  of  a substance  in  the  dry  way,  at  the  ex- 
pense of  the  oxygen  of  another  admixed  substance — (usually  of  a 

nitrate  or  chlorate,)  — and  connect  with  it  the  idea  of  sudden 
■« 
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and  violent  combustion,,  attended  with  vivid  ignition  and  noise  or 
detonation.  Deflagration  is  resorted  to  either  to  produce  a cer- 
tain oxide, — thus  sulphuret  of  arsenic  is  deflagrated  with  nitrate 
of  potass  to  obtain  arseniate  of  potass ; — or  it  is  applied  to  prove 
the  presence  or  absence  of  a certain  substance, — thus  salts  are 
tested  for  nitric  or  chloric  acid  by  fusing  them  in  conjunction 
with  cyanide  of  potassium,  and  observing  whether  this  process 
will  cause  deflagration  or  not,  &c.  &c. 

To  attain  the  former  object,  the  perfectly  dry  mixture  of  the  sub- 
stance under  examination  and  of  the  deflagrating  agent,  is  to  be 
projected,  in  small  portions,  into  a red-hot  crucible.  Experiments 
of  the  latter  description  are  invariably  made  upon  very  minute 
quantities ; the  process  is,  in  such  cases,  best  conducted  on  a 
piece  of  thin  platinum  plate,  or  in  a small  spoon. 


§ 13. 

12.  The  use  of  the  blow-pipe. 

This  operation  belongs  exclusively  to  the  province  of  analytical 
chemistry,  and  is  of  paramount  importance  in  many  analytical 
processes.  We  have  to  examine  here,  1,  the  apparatus;  2,  the 
mode  of  its  application ; and  3,  the  results  of  the  operation. 

The  blow-pipe  is  a small  instrument,  usually  made  of  brass. 
It  was  originally  used  by  metallurgists  for  the  purpose  of  solder- 
ing, whence  it  derived  the  name  of  “ soldering  pipe” — Lothrolir — 
by  which  the  Germans  designate  it.  It  consists  of  three  distinct 
parts  ; viz.  1st,  a tube  through  which  air  is  blown  from  the  mouth ; 
2nd,  a small  vessel  into  which  this  tube  is  ground  air-tight, — - 
(this  vessel  serves  to  collect  and  retain  the  moisture  of  the  air 
blown  into  the  tube) ; — and  3rd,  a smaller  tube,  which  is  likewise 
closely  fitted  into  this  vessel,  and  forms  a right  angle  with  the 
large  tube  ; this  small  tube  has  a very  fine  aperture  at  its  anterior 
extremity.  (§  14.  3.)  The  blow-pipe  serves  to  conduct  a fine 
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and  continuous  stream  of  air  into  the  dame  of  a candle  or  lamp. 
Such  a dame  presents,  under  ordinary  circumstances,  three  dis- 
tinct parts  to  the  eye ; viz,  1st,  a dark  nucleus  in  the  centre; 
2nd,  a luminous  part  surrounding  this  nucleus ; and  3rd,  a kind 
of  mantle  encircling  the  whole  dame,  and  hut  feebly  luminous. 
The  dark  nucleus  is  formed  hy  the  gases  which  the  heat  evolves 
from  the  fuel ; these  gases  cannot  burn  here,  owing  to  want  of 
oxygen.  In  the  luminous  sphere  they  come  into  contact  with  a 
certain  amount  of  oxygen,  although  insufficient  for  their  com- 
plete combustion.  The  hydrogen  of  the  carburetted  hydrogen 
gases  evolved  burns  therefore  principally  here,  whilst  the  carbon 
separates  in  a state  of  intense  white  heat,  causing  thus  the  lumin- 
ousness of  this  part.  In  the  outer  coat,  the  access  of  air  is  no 
longer  limited,  and  all  the  gases,  not  yet  consumed,  are  con- 
sumed. This  part  of  the  dame  is  the  hottest.  Oxidizahle  bodies 
oxidize,  therefore,  with  the  greatest  possible  rapidity,  when  placed 
in  it,  since  all  the  conditions  of  oxidation  are  here  united,  viz. 
high  temperature,  and  an  unlimited  supply  of  oxygen.  This  part 
of  the  dame  is  accordingly  called  the  oxidizing  flame. 

On  the  other  hand,  oxides  having  a tendency  to  yield  up  their 
oxygen,  suffer  reduction , when  placed  within  the  luminous  part 
of  the  dame,  the  oxygen  being  withdrawn  from  them  by  the  car- 
bon and  the  still  unconsumed  carburetted  hydrogen  present  in 
this  sphere.  The  luminous  part  of  the  flame  is  therefore  called 
the  reducing  flame. 

Nowr,  if  we  conduct  a dne  stream  of  air  into  a dame,  we  have 
oxygen,  not  merely  around  the  outer,  hut  also  in  the  inner 
part.  Combustion  takes  place,  therefore,  in  both  parts.  But  this 
stream  of  air  rushing  with  a certain  force  into  the  dame,  carries 
forward  the  gases  evolved,  mixes  intimately  with  them,  and  effects 
their  combustion  at  a certain  distance  from  the  aperture  of  the 
blow-pipe.  This  point,  which  is  marked  hy  a bluish  light, 
is  the  hottest  part  of  the  whole  dame,  since  the  intimate  inter- 
mixture of  the  air  with  the  gases  favors  here  the  most  complete 
combustion.  The  luminous  part  of  the  dame  being  thus  sur- 


§ 18.] 
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rounded  on  both  sides  by  very  hot  flames,  acquires  likewise  an 
extraordinary  increase  of  heat ; this  elevation  of  temperature 
forms  the  principal  object  which  we  intend  to  attain  by  the  appli- 
cation of  the  blow-pipe.  The  hottest  part  of  the  flame  lies  now, 
of  course,  somewhat  beyond  the  apex  of  the  inner  nucleus.  In  a 
reducing  flame  of  this  description  many  bodies  will  fuse  readily, 
which  a common  flame  would  fail  to  effect.  The  heat  of  the 
oxidizing  flame  also  is  considerably  increased  by  the  blow-pipe 
being  more  strongly  concentrated  upon  one  point. 

For  fuel  we  use  either  an  oil-lamp,  a wax  candle,  or  a lamp 
fed  with  a solution  of  oil  of  turpentine  in  spirits  of  wine.  A. 
common  spirit-lamp  does  not  always  produce  the  necessary  degree 
of  heat. 

The  current  is  to  be  produced  with  the  cheek-muscles  alone, 
and  not  with  the  lungs.  The  way  of  effecting  this  may  be  readily 
acquired  by  practising  for  some  time  to  breathe  calmly,  with  puffed 
up  cheeks,  and  whilst  holding  the  blow-pipe  between  the  lips ; a 
little  practice  and  patience  will  soon  enable  the  student  to  produce 

a continuous,  even,  and  steady  current. 

>< 

The  supports  on  which  the  substances  to  be  examined  are  ex- 
posed to  the  blow-pipe  flame,  are  generally  either  wood,  charcoal, 
or  platinum  wire  or  plate.  In  the  choice  of  charcoal  intended  for 
blowpipe  experiments,  we  have  to  look  more  particularly  to  the 
coal  being  thoroughly  charred,  because,  if  not  so,  it  will  split  and 
throw  off  the  substances  placed  on  it,  (vide  § 79).  The  sub- 
stances to  be  examined  are  put  into  small  conical  cavities  scooped 
with  a pen-knife,  or  with  a little  tin  tube.  We  generally  employ 
charcoal  as  a support,  when  we  want  to  reduce  a metallic  oxide, 
or  to  ascertain  the  degree  of  fusibility  of  a substance. 

Metals  which  are  volatile  at  the  heat  of  the  ordinary  flame, 
evaporate  wholly,  or  in  part,  upon  the  reduction  of  their  oxides. 
But  these  metallic  vapors  are  reoxidized  in  passing  through  the 
outer  flame,  and  the  oxide  thus  produced  forms  a slight  incrus- 
tation around  the  substance  upon  the  charcoal.  Many  of  these 


incrustations  exhibit  characteristic  colors  which  serve  to  assist  in 
the  detection  of  the  metals. 

The  platinum  wire,  as  well  as  the  platinum  plate,  should  be 
selected  rather  thin.  (A  ide  § 14,  5 and  G.)  We  make  use  of  pla- 
tinum wire  generally  when  fusing  bodies  in  conjunction  with 
fluxes,  (vide  § 82  and  83,)  for  the  purpose  of  inferring  their 
nature  from  the  color  and  other  properties  of  the  button  pro- 
duced. 

AYhat  renders  the  application  of  the  blow-pipe  particularly 
useful  in  chemical  experiments,  is  the  great  facility  with  which 
the  intended  results  are  attained.  The  results  are  of  a twofold 
kind,  viz.  either  they  afford  us  simply  an  insight  into  the  general 
properties  of  the  examined  body,  and  enable  us  accordingly  only 
to  determine  the  class  to  which  it  belongs,  i.  e.  whether  it  is 
fixed,  volatile,  fusible,  &c.  &c. ; or  the  phenomena  which  we  ob- 
serve enable  us  at  once  to  recognise  the  particular  body  which  we 
have  before  us.  AAT?  shall  have  occasion  to  describe  these  pheno- 
mena when  treating  of  the  deportment  of  the  individual  substances 
with  reagents. 


APPENDIX  TO  THE  FIRST  CHAPTER. 


§ U. 

APPARATUS  AND  UTENSILS. 

As  the  student  cannot  well  be  supposed  to  be  acquainted  with 
the  apparatus,  &c.  &e.  necessary  for  the  processes  of  chemical 
analysis, — I deem  it  advisable  to  furnish  him  here  with  a list  of 
those  articles  which  are  required  for  the  performance  of  simple 
experiments  and  investigations.  I shall  at  the  same  time  point 
out  the  principal  qualities  which  these  articles  should  possess. 

1.  A Berzelius  spirit-lamp.  The  vessel  containing  the  spirit 
of  wine  should  he  connected  with  the  wick-holder  by  means  of 
a narrow  tube,  to  avoid  explosions; — the  chimney  should  not  he 
too  narrow.  The  aperture  through  which  the  spirit  of  wine  is 
poured  should  not  he  air-tight. 

2.  A lamp- stand  with  moveable  rings  and  brackets. 

3.  A glass  spirit-lamp  with  ground  cover  and  brass  wick-tube. 

4.  A brass  blow-pipe  with  a mouth-piece  made  of  horn  or  bone, 
(vide  § 13.)  The  principal  tube  may  be  about  seven  inches  in 
length,  slightly  varying,  of  course,  according  to  the  visual  distance 
of  the  individual ; the  length  of  the  smaller  tube  ought  to  he  about 
two  inches.  Both  must  he  ground  air-tight  into  the  small  vessel 
which,  as  I have  already  stated  at  § 13,  is  intended  to  collect  and 
retain  the  moisture  of  the  air  blown  through  the  pipe.  It  is  ad- 
visable to  keep  two  small  tubes  at  hand,  one  with  a wider,  and  the 
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[§  14- 


other  with  a narrower  opening. — Most  of  the  small  tubes  usually 
sold  at  the  chemical  instrument  makers’  are  fitted  simply  with  a 
small  perforated  platinum  plate  at  their  aperture.  Those,  how- 
ever, which  are  provided  with  a finely  perforated  platinum  cap  are 
more  durable  ; whenever  the  jet  of  these  caps  happens  to  be 
stopped  up,  the  obstruction  may  be  at  once  removed  by  igniting 
the  cap  before  the  blow-pipe. 

5.  A platinum  crucible  with  ground  cover ; this  should  not 
be  too  deep,  in  proportion  to  its  breadth. 

(i.  A platinum  spatula,  about  two  inches  long  and  one  inch 
in  breadth ; this  should  be  of  sufficient  thickness,  and  as  clean 
and  smooth  as  possible, 

7.  A FEW  PIECES  OF  PLATINUM  WIRE,  of  the  size  of  lutO- 
strings,  varying  in  length  from  three  to  four  inches,  and  twisted 
at  both  ends  into  a small  loop.  It  is  advisable  to  keep  these 
wires  in  a small  phial  filled  with  water,  since  most  of  the  buttons 
produced  by  fusion  or  fluxing  dissolve  in  water;  by  this  means 
the  wires  may  consecpiently  be  kept  always  clean. 

8.  A STAND  WITH  FROM  TWELVE  TO  TWENTY  TEST  TUBES.  The 
latter  may  vary  from  four  to  six  or  eight  inches  in  length,  and 
must  be  of  different  width.  They  should  be  made  of  thin  white 
glass,  and  so  well  annealed,  that  they  do  not  crack  even  though 
boiling  water  be  poured  into  them.  Their  brim  must  be  quite 
round,  and  slightly  turned  over ; it  ought  to  have  no  lip,  since  the 
latter  is  not  of  the  slightest  use,  and  prevents  the  tube  from  being 
closely  stopped  with  the  finger. 

0.  Several  beaker  glasses  and  small  retorts  of  thin,  well- 
annealed  glass. 

10.  Several  porcelain  evaporating  dishes,  and  a va- 
riety of  small  porcelain  crucibles.  Those  of  the  royal 
manufacture  of  Berlin  are  unexceptionable,  both  in  shape  and 
durability. 

11.  Several  glass  funnels  of  various  sizes.  They  must  be 
inclined  at  an  angle  of  sixty  degrees,  and  ought  to  merge  into 
their  tube  at  a definite  angle. 
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12.  A syringe  bottle,  capable  of  holding  from  twelve  to  six- 
teen ounces  of  water,  (vide  § 6.) 

13.  Several  glass  rods  and  tubes.  The  latter  may  be 
bent,  drawn  out,  &c.,  over  a Berzelius  spirit-lamp. 

14.  A selection  of  watch-glasses. 

15.  A small  agate  mortar. 

16.  Several  small  iron  spoons. 

1 7.  A pair  of  small  pincers,  with  scissor-handles,  the  blades 
joining  close  together,  and  bent  at  their  extremity  at  a right  or 
slightly  obtuse  angle. 

These  should  be  varnished. 


CHAPTER  II. 

REAGENTS. 

% 15. 

Various  phenomena  may  manifest  themselves  upon  the  decom- 
position or  combination  of  bodies.  In  some  cases  liquids  change 
their  color,  in  others  precipitates  are  formed,  sometimes  efferves- 
cence takes  place,  and  sometimes  deflagration,  &c.  Now,  if  these 
phenomena  are  very  striking,  and  attendant  only  upon  the  com- 
bination or  decomposition  of  two  definite  bodies,  it  is  obvious  that 
the  presence  of  the  one  of  these  bodies  may  be  detected  by  means 
of  the  other : e.  g.  if  we  know  that  a white  precipitate,  of  certain 
definite  properties,  is  formed  upon  mixing  barytes  with  sulphuric 
acid,  it  is  clear  that,  if  by  adding  barytes  to  any  liquid  we  obtain 
a precipitate  exhibiting  these  properties,  we  have  to  conclude  that 
this  liquid  contains  sulphuric  acid. 

Those  substances  which  indicate  the  presence  of  others  by  any 
striking  phenomena,  are  called  reagents. 
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These  are  divided  into  general  and  special  reagents,  according  to 
the  object  attained  by  their  application.  By  general  reagents,  we 
understand  those  which  serve  to  determine  the  class  or  group  to 
which  the  substance  under  examination  belongs  ; and  by  special 
reagents  those  which  serve  to  detect  individual  substances.  That 
the  limits  between  these  two  divisions  cannot  be  drawn  with  any 
degree  of  precision,  ought  not  to  be  considered  a valid  objection 
to  this  classification,  which  is  simply  intended  to  accustom  the 
student  to  keep  invariably  in  mind  whether  he  purposes  to  as- 
certain the  group  to  which  the  substance  under  examination 
belongs,  or  to  determine  the  latter  individually.  The  terms  cha- 
racteristic and  susceptible  are  made  use  of  to  designate  the  two 
principal  properties  upon  which  the  greater  or  less  utility  of  a re- 
agent depends.  We  call  a reagent  characteristic , if  the  alteration 
attendant  upon  the  detection  of  the  substance  tested  for  is  so  dis- 
tinctly marked  as  to  admit  of  no  mistake.  Thus,  iron  is  a cha- 
racteristic reagent  for  copper,  protochloride  of  tin  for  mercury, 
because  the  phenomena  produced  by  these  reagents,  viz.  the  sepa- 
ration of  metallic  copper  and  of  globules  of  mercury,  admit  of  no 
mistake.  We  call  a reagent  susceptible , if  its  action  is  still  clearly 
perceptible  although  but  a very  small  quantity  of  the  substance 
tested  for  be  present,  such  is  for  instance  the  action  of  starch 
upon  iodine.  A great  many  reagents  are  both  characteristic  and 
susceptible  ; thus,  for  instance,  perchloride  of  gold  for  protoxide 
of  tin,  ferrocyanide  of  potassium  for  copper,  and  peroxide  of  iron, 
Ac.  &c.  I need  scarcely  mention  that  reagents  must  in  general 
be  chemically  pure,  i.  e.  they  must  contain  no  extraneous  sub- 
stance in  admixture,  since,  if  this  be  not  the  case,  their  indica- 
tions cannot  be  relied  upon.  We  must  therefore  make  it  an  inva- 
riable rule  to  test  the  purity  of  reagents  before  we  use  them,  no 
matter  whether  they  be  articles  of  our  own  production  or  of  pur- 
chase. The  instructions  which  I shall  give  in  this  respect  when 
treating  of  the  various  reagents  individually,  refer,  of  course,  only 
to  such  contaminations  as  are  likely  to  arise  from  the  mode  of 
their  respective  preparation,  but  not  to  accidental  admixtures. 
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One  of  the  most  common  sources  of  error  in  qualitative  ana- 
lysis proceeds  from  missing  the  proper  measure — the  right  quan- 
tity— in  the  application  of  reagents.  Such  terms  as  " addition  in 
excess,”  “ super  saturation”  &c.,  often  induce  novices  to  suppose 
that  they  cannot  add  too  much  of  the  reagent,  and  thus  many  a 
one  Jills  a test  cylinder  with  acid  simply  to  supersaturate  a few 
drops  of  an  alkaline  fluid,  whilst  yet  every  drop  of  acid  added, 
after  the  neutralization  point  has  once  been  reached,  is  to  he 
looked  upon  as  an  excess  of  acid.  On  the  other  hand,  the  addi- 
tion of  an  insufficient,  amount  is  to  be  equally  avoided,  since  a 
reagent,  when  added  in  insufficient  quantity,  often  produces  phe- 
nomena quite  different  from  those  which  will  appear  if  the  same 
reagent  be  added  in  excess  : e.  g.  a solution  of  perchloridc  of  mer- 
cury yields  a white  precipitate,  when  tested  with  a small  quantity 
of  sulphuretted  hydrogen  ; but  when  treated  with  sulphuretted 
hydrogen  in  excess,  the  precipitate  is  black.  Experience  has, 
however,  proved  that  the  most  common  mistake  beginners  are 
liable  to  is,  to  add  the  reagents  too  copiously.  The  reason 
why  this  over-addition  must  impair  the  accuracy  of  the  results, 
is  obvious ; we  need  simply  bear  in  mind,  that  the  changes  effected 
by  reagents,  are  perceptible  within  certain  limits  only,  and 
that  accordingly  they  may  be  the  more  readily  overlooked  the 
more  we  approach  these  limits  by  diluting  the  fluid. 

No  special  and  definite  rules  can  be  given  for  avoiding  this 
source  of  error ; a general  rule  may,  however,  be  laid  down,  and 
even  this  may  be  considered  sufficient,  to  point  out  the  proper 
measure  in  all,  or  at  least  in  most  cases.  It  is  simply  this  : let 
the  student  always  reflect,  before  the  addition  of  a reagent,  for 
what  purpose  he  applies  it,  and  what  are  the  phenomena  he  intends 
to  produce. 

We  divide  reagents  into  two  classes,  according  as  the  state  of 
fluidity  which  is  indispensable  for  the  manifestation  of  the  action 
of  reagents  upon  the  various  bodies,  is  induced  by  the  application 
of  heat,  or  by  means  of  liquid  solvents ; we  have  accordingly, 
1,  Reagents  i?i  the  humid  way  ; and  2,  Reagents  in  the  dry  way. 
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For  greater  clearness  and  simplicity,  we  subdivide  these  two  prin- 
cipal classes  as  follows  : — 


A.  REAGENTS  IN  THE  HUMID  WAY. 

I.  General  reagents. 

a.  Reagents  principally  used  as  simple  solvents. 

b.  Reagents  principally  used  as  chemical  solvents. 

c.  Reagents  which  serve  principally  to  separate , or  otherwise 
to  characterise  groups  of  substances. 

II.  Special  reagents. 

a.  Reagents  which  serve  principally  for  the  detection  of  the 
BASES. 

b.  Reagents  which  serve  principally  for  the  detection  of  the 
ACIDS. 

B.  REAGENTS  IN  THE  DRY  WAY. 

I.  Fluxes. 

II.  Blow-fipe  reagents. 


A.  REAGENTS  IN  THE  HUMID  WAY. 

I.  General  Reagents. 
a.  Reagents  principally  used  as  simple  solvents 

§ 10. 

1.  WATER.  (HO.) 

Preparation. — Pare  water  is  obtained  by  distilling  spring-water 
from  a copper-still,  or  from  a glass  retort.  This  distillation  should 
not  be  carried  beyond  three-fourths  of  the  quantity  operated  upon. 
Rain  water  received  in  the  open  air  may  in  most  cases  be  substi- 
tuted for  distilled  water. 

Tests. — Pure  distilled  water  must  leave  no  residue  upon  evapo- 
ration, nor  should  it  alter  the  color  of  Georgina  paper.  (Vide 
§24,  1.  y.)  Nitrate  of  silver,  chloride  of  barium,  oxalate  of  am- 
monia, and  lime-water,  must  not  impair  its  transparency. 
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Uses. — We  use  water*  principally  as  a simple  solvent  for  a 
great  variety  of  substances.  It  serves  moreover  to  effect  the 
transformation  of  several  neutral  metallic  salts  into  soluble  acid, 
and  insoluble  basic  compounds ; this  is  the  case  particularly  with 
chloride  of  antimony  and  with  the  salts  of  bismuth, 

§ 17. 

2.  alcohol.  (C4  H6  O 2=  Ae  0 + Aq.) 

Preparation. — Two  sorts  of  alcohol  are  used  in  chemical  ana- 
lyses; viz.  1st,  spirits  of  wine  of  0*83  or  0'84  spec.  gr.  (spirit us 
vini  rectiftcatus  of  the  shops  ;)  and  2nd,  absolute  alcohol.  The 
latter  may  be  prepared  by  distilling  the  former  from  fused  chlo- 
ride of  calcium. 

Tests. — Pure  alcohol  must  completely  volatilize,  and  ought  not 
to  cause  the  slightest  smell  of  fousel  oil,  when  rubbed  between  the 
hands ; nor  should  it  redden  litmus  paper. 

Uses. — Many  substances  are  soluble  in  alcohol,  whilst  others  are 
insoluble  in  this  menstruum.  Alcohol  is  therefore  frequently  em- 
ployed to  effect  the  separation  of  the  former  from  the  latter,  thus* 
for  instance,  to  separate  chloride  of  strontium  from  chloride  of  ba- 
rium. Alcohol  serves  likewise  to  precipitate  from  aqueous  solutions 
such  substances  as  are  insoluble  in  it,  e.  g.  to  precipitate  malate 
of  lime.  We  use  alcohol,  moreover,  for  the  production  of  various 
kinds  of  ether,  (especially  of  acetic  ether,  which  is  particularly 
characterized  by  its  agreeable  odor;)  and  likewise  to  co-operate  with 
acids  in  the  reduction  of  certain  substances,  for  instance,  of  peroxide 
of  lead,  chromic  acid,  &c.  &c.  Alcohol  serves  also  for  the  detection 
of  various  substances  which  impart  a characteristic  tint  to  its 
flame ; such  are  especially  boracic  acid,  strontia,  soda,  and 
potass. 

* In  chemical  experiments  we  use  exclusively  distilled  water;  whenever 
therefore  the  term  “ water  ” occurs  in  the  present  work,  distilled  water  is 


meant. 
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§ 18. 

3.  ether.  (C4H50=AeO.) 

Ether  finds  but  very  limited  application  in  the  analysis  of  inor- 
ganic bodies.  It  serves,  in  fact,  almost  exclusively  to  detect  and 
isolate  bromine,  (§  101,  b,)  and  for  this  purpose  the  officinal  ether 
of  commerce  is  sufficiently  pure  and  strong. 

b.  Reagents  which  are  principally  used  as  chemical  solvents. 

§ 19. 

1.  HYDROCHLORIC  ACID.  (H  Cl.) 

Preparation. — Pour  a refrigerated  mixture  of  13J  parts  of  sul- 
phuric acid  with  four  parts  of  water,  over  eight  parts  of  common  salt 
in  a retort;  expose  the  retort,  with  slightly  raised  neck,  to  the  heat 
of  a sand-bath,  until  the  evolution  of  gas  ceases ; conduct  the  evolved 
gas,  by  means  of  a double-limbed  tube,  into  a flask  containing  twelve 
parts  of  water,  and  take  care  to  keep  this  receiver  constantly  cool. 
To  prevent  the  gas  from  receding,  the  tube  ought  to  be  permitted 
only  to  dip  about  one  line  into  the  water  of  the  receiver.  Should  the 
sulphuric  acid  employed  in  the  process  contain  nitric  acid,  the  gas 
which  passes  over  first,  (and  which  in  that  case  contains  chlorine,) 
must  be  received  separately.  The  hydrochloric  acid  produced  is  to 
be  diluted  with  water  until  its  specific  gravity  is  from  I'll  to  IT  2. 

Tests. — Hydrochloric  acid,  intended  for  the  purposes  of  che- 
mical analysis,  must  be  perfectly  colorless,  and  leave  no  residue 
upon  evaporation  ; it  should  not  discolor  indigo-solution  upon 
ebullition.  Chloride  of  barium  ought  not  to  produce  any  precipi- 
tate, neither  in  the  highly  diluted  acid,  (sulphuric  acid,)  nor  even 
after  ebullition  with  nitric  acid,  (sulphurous  acid).  Sulphuretted 
hydrogen  must  leave  it  unaltered.  After  neutralization  with  am- 
monia, and  subsequent  addition  of  a slight  excess  of  acetic  acid, 
ferrocyanide  of  potassium  must  not  produce  any  precipitate  in  it, 
nor  even  impart  to  it  the  slightest  tinge  of  blue. 
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§ 20.] 

Uses. — Hydrochloric  acid  serves  as  a solvent  for  a great  many 
substances.  It  dissolves  oxides  and  peroxides  in  the  form  of 
chlorides,  the  solution  being,  in  the  latter  case,  mostly  attended 
with  liberation  of  chlorine.— Salts,  with  insoluble  or  volatile  acids, 
are  also  converted  by  hydrochloric  acid  into  chlorides,  with  sepa- 
ration of  the  original  acid ; thus  carbonate  of  lime  is  converted 
into  chloride  of  calcium,  with  liberation  of  carbonic  acid.  Hy- 
drochloric acid  dissolves  salts  with  non-volatile  and  soluble  acids, 
apparently  without  decomposing  them,  (e.  g.  phosphate  of  lime) ; 
but  we  must  suppose  that  solutions  of  this  description  arise  from 
the  formation  of  a soluble  chloride  and  of  a soluble  acid  salt  of  the 
acid  of  the  dissolved  compound  ; thus,  for  instance,  in  the  case  of 
phosphate  of  lime,  we  must  assume  that  chloride  of  calcium  and  acid 
phosphate  of  lime  are  formed.  This  explanation,  however,  will 
not  serve  for  salts  with  such  acids  as  form  no  soluble  acid  com- 
pound with  the  base  present ; in  such  cases  we  must  assume, 
either  that  the  acid  of  the  dissolved  salt  is  present  in  the  solution, 
in  a free  state,  (borate  of  lime,)  or  that  the  hydrochloric  acid  acts 
really  as  a simple  solvent.  (Compare  § 2.)  Hydrochloric  acid  is 
also  applied  as  a special  reagent  for  the  detection  and  separation 
of  oxide  of  silver,  protoxide  of  mercury,  and  lead,  (vide  infra,) 
and  likewise  for  the  detection  of  free  ammonia  (with  which  it  pro- 
duces dense  white  fumes  of  sal  ammonia  in  the  air.) 

§ 20. 

2.  NITRIC  ACID.  (N  05.) 

Preparation. — The  nitric  acid  of  commerce  contains  almost 
invariably  sulphuric  acid  and  hydrochloric  acid.  To  free  it  from 
these  admixtures,  solution  of  nitrate  of  silver  is  to  be  added  to  it, 
as  long  as  any  precipitate  of  chloride  of  silver  continues  to  form  ; 
this  precipitate  is  allowed  to  subside  ; the  supernatant  fluid  is  de- 
canted into  a retort,  and  distilled  to  within  a small  fraction  of  its 
whole  amount.  The  distillate  is  then,  if  necessary,  diluted  with 
water  until  the  specific  gravity  of  the  diluted  acid  is  equal  to  12. 
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Tests. — Pure  nitric  acid  must  be  colorless,  and,  when  evapo- 
rated on  a platinum  plate,  leave  no  residue  behind.  The  addition 
of  solution  of  nitrate  of  barytes,  or  of  nitrate  of  silver,  must  not 
cause  the  slightest  turbidity  in  it.  It  is  advisable  to  dilute  the 
acid  highly  with  water  before  adding  these  reagents,  since  other- 
wise nitrates  will  precipitate. 

Uses . — Nitric  acid  serves,  in  the  first  place,  as  a chemical  sol- 
vent for  metals,  oxides,  sulphurets,  oxygen  salts,  &c.  The  way  in 
which  the  nitric  acid  effects  the  solution  of  metals  and  sulphurets, 
is  this  : it  oxidizes  these  bodies  first,  at  the  expense  of  part  of 
its  own  oxygen,  and  transforms  the  produced  oxides  subse- 
quently into  nitrates.  Most  oxides  dissolve  in  nitric  acid  directly 
as  nitrates,  and  the  same  is  the  case  with  most  of  the  inso- 
luble salts  with  weaker  acids,  the  latter  being  expelled  by  the 
nitric  acid  in  the  process  of  solution.  Salts  with  soluble  non- 
volatile acids  are  dissolved  by  nitric  acid  in  the  same  manner  as 
by  hydrochloric  acid.  (Vide  § 19.)  Nitric  acid  serves  moreover 
very  frequently  as  an  oxidizing  agent ; thus  it  is  used,  for  in- 
stance, to  convert  the  protoxide  of  iron  into  the  peroxide,  to 
decompose  hydriodic  acid  and  the  iodides,  &c. 


§ 21. 

CIILORO-NITRIC  ACID.  AQUA  REGIA.  (N  Cl2  03.) 

Preparation. — One  measure  of  pure  nitric  acid  is  mixed  with 
from  three  to  four  measures  of  pure  hydrochloric  acid. 

Uses. — When  nitric  acid  is  brought  into  contact  with  hydro- 
chloric acid,  a mutual  decomposition  of  the  two  acids  ensues,  the 
transposition  of  their  elements  giving  rise  to  the  formation  of 
water  and  of  a new  compound,  to  which  Baudrimont,  its  disco- 
verer, has  assigned  the  name  of  cldoronitric  acid ; this  new  com- 
pound is  gaseous  at  the  common  temperature,  and  soluble  in 
water ; its  composition  is  expressed  by  the  formula  N Cl2  03. 

(2  Cl  H + N05=N  Cl2  03  + 2 H 0.) 

This  decomposition  ceases  when  the  fluid  is  saturated  with  the 
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chloronitric  acid  gas,  but  it  recommences  the  instant  that  this 
state  of  saturation  is  disturbed  by  the  application  of  heat,  or  in 
consequence  of  the  decomposition  of  the  chloronitric  acid.  The 
chlorine  and  part  of  the  oxygen  of  this  acid  are  held  in  combina- 
tion by  a very  feeble  affinity  only ; the  presence  of  this  acid  ren- 
ders aqua  regia  therefore  the  most  powerful  solvent  for  metals, 
with  the  exception  of  those  which  form  insoluble  compounds  with 
chlorine. — Aqua  regia  serves  principally  to  effect  the  solution  of 
gold  and  platinum,  (which  metals  are  insoluble  both  in  hydro- 
chloric and  nitric  acid,)  and  the  decomposition  of  divers  sul- 
phurets,  e.  g.  cinnabar,  &c.  &c. 

§ 22. 

4.  ACETIC  ACID.  (C^H3  03  =A.) 

Preparation. — Triturate  ten  parts  of  crystallized  neutral  acetate 
of  lead,  with  three  parts  of  effloresced  sulphate  of  soda ; intro- 
duce the  powder  into  a retort,  add  a refrigerated  mixture  of  two 
and  a half  parts  of  sulphuric  acid  with  an  equal  weight  of  water, 
and  distil  to  dryness  in  a sand-bath.  The  most  appropriate  way  of 
connecting  the  receiver  with  the  retort,  is  by  means  of  a Liebig’s 
condensing  apparatus. 

Tests. — Pure  acetic  acid  must  leave  no  residue  upon  evapora- 
tion. The  diluted  acid  ought  not  to  be  precipitated  by  sulphu- 
retted hydrogen,  nor  by  solution  of  nitrate  of  silver  or  nitrate  of 
barytes,  by  the  latter  not  even  after  previous  ebullition  with  nitric 
acid.  Should  nitrate  of  barytes  produce  a precipitate  in  acetic 
acid  which  has  been  previously  boiled  with  nitric  acid,  this  is  a 
proof  of  the  presence  of  sulphurous  acid ; the  acetic  acid  in  such 
cases  is  to  be  digested  with  brown  peroxide  of  lead,  and  subse- 
quently redistilled.  Pure  acetic  acid,  moreover,  must  not  decolor 
solution  of  indigo.  (Vide  § 102,  a.) 

Uses. — Acetic  acid  possesses  a greater  solvent  power  for  some 
substances  than  for  others ; — it  is  used,  accordingly,  to  separate 
the  former  from  the  latter ; thus  it  serves,  for  instance,  to  distin- 
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guish  oxalate  of  lime  from  phosphate  of  lime.  We  apply  acetic 
acid  also  for  the  acidulation  of  fluids,  in  cases  where  we  wish  to 
avoid  the  use  of  mineral  acids. 


§ 23. 

5.  CHLORIDE  OF  AMMONIUM.  (N  H4,  Cl.) 

Hydro  cl  dor  ate  of  Ammonia. — Muriate  of  Ammonia. — Sal 

Ammoniac. 

Preparation. — The  sal  ammoniac  of  commerce  may  generally 
he  purified  by  simple  recrystallization.  Should  it  contain  iron, 
this  may  be  removed  by  the  following  process  : a small  portion  of 
sulpliuret  of  ammonium  is  added  to  the  solution  of  the  sal  ammo- 
niac, and  the  precipitate  which  forms  is  allowed  to  subside  ; the 
fluid  is  then  filtered  off,  and  hydrochloric  acid  added  to  the 
filtrate,  until  the  latter  acquires  a feebly  acid  reaction;  the  mixture 
is  then  heated  to  ebullition,  filtered,  saturated  with  ammonia,  and 
finally  crystallized.  For  use,  one  part  of  the  salt  is  dissolved  in 
eight  parts  of  water. 

Tests. — Solution  of  sal  ammoniac,  when  evaporated  on  a pla- 
tinum plate,  should  leave  a residue,  which  must  subsequently, 
upon  continued  application  of  heat,  completely  volatilize.  It 
ought  not  to  be  affected  by  the  action  of  sulpliuret  of  ammonium. 
Its  reaction  should  be  perfectly  neutral. 

Uses. — Sal  ammoniac  serves  principally  to  retain  certain  ox- 
ides, (e.  g.  protoxide  of  manganese,  magnesia,)  or  salts,  (e.  g.  tar- 
trate of  lime,)  in  solution,  upon  the  precipitation  of  other  oxides 
or  salts  by  ammonia  or  some  other  reagent.  This  application  of 
sal  ammoniac  is  based  upon  the  tendency  of  the  ammoniacal  salts 
to  form  double  compounds  with  other  salts.  Sal  ammoniac  serves 
also  to  distinguish  between  precipitates  possessed  of  similar  pro- 
perties, and  thus,  for  instance,  to  distinguish  the  basic  phosphate 
of  magnesia  and  ammonia  which  is  insoluble  in  sal  ammoniac, 
from  other  precipitates  of  magnesia.  We  use  sal  ammoniac, 
moreover,  to  precipitate,  from  potass  solutions,  various  substances 
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which  are  soluble  in  potass,  and  insoluble  in  ammonia,  for  in- 
stance, alumina,  oxide  of  chromium,  &c.  &c.  In  this  process, 
the  elements  of  the  sal  ammoniac  transpose  with  those  of  the 
potass,  and  this  transposition  results  in  the  formation  of  chloride 
of  potassium,  water,  and  ammonia.  Sal  ammoniac  is  applied  also 
as  a special  reagent  for  the  precipitation  of  platinum  as  ammonio- 
chloride  of  platinum. 

c.  Reagents  which  serve  principally  to  separate  or  otherwise  to 

characterize  groups  of  substances. 

% 24. 

1.  REAGENT  PAPERS. 
a.  BLUE  LITMUS  PAPER. 

Preparation . — One  part  of  litmus  of  commerce  is  to  be  digested 
with  six  parts  of  water ; the  solution  is  subsequently  to  be  fil- 
tered, and  the  intensely  blue  filtrate  divided  into  two  equal  parts  ; 
— the  free  alkali  in  the  one  part  is  then  to  be  saturated  by  stirring 
with  a glass  rod  which  has  been  dipped  previously  into  very  dilute 
sulphuric  acid,  and  repeating  this  process  until  the  fluid  begins 
to  look  red;  the  other  part  of  the  filtrate  is  now  added  to  the 
reddened  fluid,  and  the  whole  mixture  poured  out  into  a basin, 
where  slips  of  fine  unsized  paper  are  finally  drawn  through  it. 
These  slips  are  afterwards  suspended  over  threads,  and  left  to  dry. 
The  color  of  litmus  paper  must  be  perfectly  uniform,  and  neither 
too  light  nor  too  dark. 

Uses. — Litmus  paper  serves  to  detect  the  presence  of  free  acid 
in  fluids,  since  acids  change  its  blue  colour  to  red.  It  is  to  be 
borne  in  mind,  however,  that  the  neutral  salts  of  most  of  the 
heavy  metallic  oxides  produce  the  same  effect. 

ft.  REDDENED  LITMUS  PAPER. 

Preparation. — Blue  tincture  of  litmus  is  stirred  with  a glass 
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rod  dipped  previously  into  dilute  sulphuric  acid,  and  this  process 
repeated  until  the  fluid  begins  to  look  distinctly  red.  Slips  of 
paper  are  then  drawn  through  the  tincture,  and  finally  dried  as  at 
a.  The  dried  slips  must  look  distinctly  red. 

Uses. — Pure  alkalies  and  alkaline  earths,  and  likewise  the 
sulphurets  of  these  substances,  restore  the  blue  color  of  reddened 
litmus  paper ; alkaline  carbonates  and  the  soluble  salts  of  several 
other  weak  acids,  especially  of  boracic  acid,  possess  the  same  pro- 
perty. This  reagent  serves  therefore  for  the  detection  of  these 
substances  in  general. 

y.  GEORGINA  PAPER. 

V reparation. — The  violet- colored  petals  of  Georgina  pur- 
purea (purple  dahlia)  are  boiled  in  water  or  digested  with 
spirit  of  wine  ; the  fluid  is  finally  filtered,  and  slips  of  paper 
are  drawn  through  the  filtrate  ; the  latter  should  he  neither  more 
nor  less  concentrated  than  is  necessary  to  make  the  paper,  after 
drying,  appear  of  fine  and  rather  light  violet-blue  color.  Should 
the  color  too  much  incline  to  red,  this  may  be  remedied  by 
adding  a small  amount  of  ammonia  to  the  tincture. 

Uses. — Georgina  paper  is  reddened  by  acids,  whilst  alkalies 
impart  a beautiful  green  tint  to  it.  It  is  therefore  an  extremely 
convenient  substitute  both  for  the  blue  and  the  reddened  litmus 
paper.  This  reagent,  if  properly  prepared,  is  extremely  suscep- 
tible for  acids  as  well  as  for  alkalies.  Concentrated  solutions  of 
caustic  alkalies  turn  Georgina  paper  yellow,  by  destroying  the 
coloring  matter. 

8.  TURMERIC  PAPER. 

Preparation . — One  part  of  bruised  turmeric-root  is  digested 
and  heated  with  six  parts  of  dilute  spirit  of  wine;  the  tincture  ob- 
tained by  this  process  is  filtered,  and  slips  of  line  paper  are 
dipped  into  it.  The  dried  slips  must  exhibit  a fine  yellow  tint. 

Uses. — Turmeric  paper  serves,  like  reddened  litmus  paper  and 

* Mr.  A.  S-  Taylor  has  suggested  that  a very  susceptible  paper  for  detect- 
ing alkalies  may  be  prepared  by  steeping  it  in  an  infusion  of  rose  petals. 
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Georgina  paper,  for  the  detection  of  free  alkalies,  &c. ; since  they 
change  its  yellow  color  to  brown.  It  is  not  quite  so  susceptible 
as  the  other  reagent  papers,  but  the  change  of  color  which  it 
produces  is  highly  characteristic,  and  is  particularly  percep- 
tible in  many  colored  liquids;  we,  therefore,  cannot  well  dis- 
pense with  turmeric  paper.  When  testing  with  turmeric  paper, 
it  is  to  be  borne  in  mind  that,  besides  the  substances  enumerated 
at  {$.,  several  other  bodies  (boracic  acid,  for  instance,)  possess 
likewise  the  property  of  turning  its  yellow  color  to  brown.  All 
reagent  papers  are  to  be  cut  into  slips,  and  kept  in  small,  well- 
closed  boxes,  or  stoppered  phials. 

% 25. 

2.  SULPHURIC  ACID.  (S03.) 

Sulphuric  acid  of  commerce,  freed  from  nitric  acid  by  ebullition, 
is  sufficiently  pure  for  the  purposes  of  qualitative  analysis.* 
Should  it,  however,  contain  arsenic,  this  must  be  removed  first 
before  the  acid  can  be  applied  for  the  detection  of  arsenic  by 
Marsh’s  method.  The  following  process  will  serve  to  effect  this 
depuration.  The  acid  is  to  be  diluted  with  six  times  its  amount 
of  water,  and  the  fluid  saturated  with  sulphuretted  hydrogen  ; the 
mixture  is  then  allowed  to  stand  in  a moderately  warm  place  until 
it  is  perfectly  clear,  when  the  fluid  is  to  be  filtered  off  from  the 
precipitated  sulphuret  of  arsenic.  The  filtrate  is  finally  boiled 
until  it  is  perfectly  inodorous. 

Test. — Sulphuric  acid,  when  boiled  with  a small  portion  of 
indigo  solution,  must  not  destroy  the  blue  colour  of  the  latter. 
When  mixed  with  pure  zinc  and  water,  it  must  yield  hydrogen 
which,  on  being  passed  through  a red-hot  tube,  does  not  deposit 
the  slightest  trace  of  arsenic.  (Compare  § 95,  d.) 

Uses . — Sulphuric  acid  has  to  most  bases  a greater  affinity  than 
almost  any  other  acid ; it  is  therefore  used  principally  for  the 

* The  sulphuric  acid  of  commerce  often  contains  lead,  which  renders  it 
turbid  when  diluted ; this  may  be  removed  by  allowing  the  lead  to  subside, 
or  by  distillation. — Ed. 
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liberation  and  expulsion  of  other  acids,  especially  of  phosphoric, 
boracic,  hydrochloric,  nitric,  and  acetic  acid.  It  serves  also  lor 
the  liberation  of  iodine  from  the  iodides.  In  this  process,  it 
oxidizes  the  metals  at  the  expense  ol  its  own  oxygen,  and  is 
accordingly  reduced  to  the  state  of  sulphurous  acid.  Several 
substances  which  cannot  exist  in  an  anhydrous  state  (e.  g.  oxalic 
acid)  are  decomposed  when  brought  into  contact  with  concen- 
trated sulphuric  acid ; this  decomposition  is  owing  to  the  great 
affinity  which  sulphuric  acid  possesses  for  water.  rI  he  nature  oi 
the  decomposed  body  may  in  such  cases  be  determined  by  the 
liberated  products  of  its  decomposition.  Sulphuric  acid  is,  more- 
over, frequently  used  for  the  evolution  of  divers  gases,  more  par- 
ticularly of  hydrogen  and  sulphuretted  hydrogen.  Sulphuric 
acid  serves  also  as  a special  reagent  for  the  detection  of  barytes, 
strontia,  and  lead ; the  acid  intended  for  this  purpose  is  to  be 
diluted  with  four  parts  of  water. 

§ 26. 

3.  SULPHURETTED  HYDROGEN.  (H  S.) 

Preparation. — An  intimate  mixture  of  thirty  parts  of  iron 
filings  with  twenty-one  parts  of  flower  of  sulphur  is  gradually 
projected  in  small  portions  into  a red-hot  crucible,  with  this  pre- 
caution, that  the  operator  awaits  always  the  incandescence  of  the 
last  introduced  portion,  before  proceeding  to  the  addition  of  a 
fresh  one.  When  the  whole  mixture  has  thus  been  introduced 
into  the  crucible,  the  latter  is  carefully  covered,  and  allowed  to 
continue  a short  time  longer  exposed  to  the  fire. 

Should  the  operator  happen  to  possess  a blast  furnace  or  a 
well  draughted  wind  furnace,  he  may  procure  a purer  and  supe- 
rior kind  of  sulphuret  of  iron,  by  heating  iron  borings  to  the 
most  intense  redness  in  a hessian  crucible,  and  projecting  small 
lumps  of  sulphur  upon  the  ignited  mass,  until  the  whole  is  con- 
verted into  sulphuret  of  iron.  A perforation  in  the  bottom  of 
the  crucible  will  be  found  of  some  use  in  this  process,  since  this 
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will  allow  the  sulphuret  of  iron  to  run  off  immediately  upon  its 
formation,  when  it  may  very  conveniently  be  received  in  a coal 
shovel  placed  in  the  ash-pit. 

The  sulphuret  of  iron  produced  by  either  method  is  broken 
into  lumps,  and  the  latter  are  introduced  into  an  evolution  flask. 
(Vide  Plate  III.  a.) 

PLATE  III. 


Water  is  then  poured  into  the  flask,  and  concentrated  sulphuric 
acid  added  through  the  funnel-tube  b.  The  evolved  gas  is  puri- 
fied by  transmitting  it  through  some  water  contained  in  a small 
flask  (e). 

Sulphuretted  hydrogen  water  ( solution  of  sulphuretted  hy- 
drogen) is  prepared  by  conducting  the  purified  gas  into  a flask 
(d),  filled  to  about  three-fourths  with  water  of  the  lowest  possible 
temperature,  and  which  has  been  previously  freed  from  air  by 
ebullition.  This  operation  is  continued  until  the  water  is  com- 
pletely saturated  with  sulphuretted  hydrogen  gas,  which  may  be 
readily  ascertained  by  closing  the  mouth  of  the  flask  with  the 
thumb,  and  strongly  agitating  its  contents : if,  upon  this,  a 
pressure  is  felt  from  within  tending  to  push  the  thumb  off  the 
aperture  of  the  flask,  the  operation  may  be  considered  at  an 
end : but  if.  on  the  contrary,  the  thumb  feels  sucked  into  the 
mouth  of  the  flask,  this  is  a sure  sign  that  the  water  is  still 
capable  of  absorbing  more  gas. 
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Sulphuretted  hydrogen  water  must  he  kept  in  well  closed  ves- 
sels, since  otherwise  it  will  soon  suffer  complete  decomposition.  The 
best  way  of  preserving  it  unaltered  for  a very  long  time  is  to  pour 
the  fresh  prepared  solution  immediately  into  small  phials,  and  to 
place  the  hitter,  carefully  corked,  in  an  inverted  position,  into 
small  vessels  filled  with  water. 

Tests. — Pure  sulphuretted  hydrogen  water  ought  to  he  per- 
fectly clear,  and  should  possess  the  odor  of  the  gas  in  an  emi- 
nent degree  ; when  treated  with  perchloride  of  iron,  it  must  yield 
a copious  precipitate  of  sulphur.  Addition  of  ammonia  must  not 
impart  a blackish  appearance  to  it. 

Uses. — Sulphuretted  hydrogen  has  a strong  tendency  to  transpose 
with  metallic  oxides  into  water  and  metallic  sulphurets;  which 
latter  being  mostly  insoluble  in  water,  are  usually  precipitated 
in  this  process  of  transposition.  The  conditions  under  which  the 
precipitation  of  divers  sulphurets  ensues  differ  materially ; — by 
altering  or  modifying  these  conditions,  we  may  accordingly  divide 
the  whole  of  the  precipitable  metals  into  groups,  as  will  be  found 
explained  at  § 27.  Sulphuretted  hydrogen  is  therefore  a most 
invaluable  agent  to  effect  the  separation  of  metals  into  principal 
groups.  Some  of  the  precipitated  sulphurets  exhibit  a charac- 
teristic color  indicative  of  the  individual  metals  which  they  re- 
spectively contain.  Sulphuretted  hydrogen  serves  thus  more 
particularly  for  the  special  detection  of  tin,  antimony,  arsenic, 
cadmium,  manganese,  and  zinc.  For  more  ample  information 
upon  this  point,  I refer  to  the  third  section.  The  great  faci- 
lity with  which  sulphuretted  hydrogen  is  decomposed,  renders 
this  substance  likewise  a useful  reducing  agent  for  many  com- 
pounds ; thus  it  serves,  for  instance,  to  reduce  persalt  of  iron  to 
the  state  of  protosalt,  chromic  acid  to  the  state  of  oxide,  Ac.,  Ac. 
In  such  processes  of  reduction,  the  sulphur  separates  in  the  form 
of  a fine  white  powder. 
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§ 27. 

4.  HYDROSULPHURET  OF  AMMONIA.  (N  H4  S,  H S.) 

(. Double  sulphur et  of  ammonium  and  hydrogen.) 

Preparation. — Transmit  sulphuretted  hydrogen  gas  through 
solution  of  ammonia,  to  complete  saturation,  consequently  until 
the  mixture  ceases  to  precipitate  a solution  of  sulphate  of  mag- 
nesia. 

The  hydro sulphuret  of  ammonia,  thus  prepared,  must  be  kept 
in  well- stoppered  phials,  since  contact  with  the  atmosphere  would 
cause  its  decomposition. 

Tests. — Hydrosulpliuret  of  ammonia  is  colorless  at  first,  and 
deposits  no  sulphur  on  being  mixed  with  acids ; when  exposed 
to  the  contact  of  the  air,  it  acquires  a yellow  tint,  owing  to  the 
formation  of  pentasulphuret  of  ammonium.  (N  H4,  S5.)  This 
yellow  coloration  does  not  by  any  means  render  the  reagent  unfit 
for  use ; but  it  is  to  be  borne  in  mind  that  it  will  now  deposit 
sulphur  when  mixed  with  acids.  Hydrosulpliuret  of  ammonium 
must  be  transparent;  upon  the  application  of  heat,  it  must  vola- 
tilize without  leaving  the  slightest  residue;  and,  as  already  stated, 
it  ought  not  to  precipitate  solution  of  sulphate  of  magnesia. 

Uses.’ — I mentioned  already  in  the  preceding  paragraph  that 
the  separation  of  the  metallic  oxides  precipitable  by  sulphuretted 
hydrogen,  and  their  consequent  arrangement  into  groups,  depends 
upon  certain  conditions  respectively  requisite  for  their  precipita- 
tion. The  presence  of  an  alkali  forms  one  of  these  conditions — 
its  absence  forms  another — which  means  that  certain  sulphurets 
precipitate  only  when  the  menstruum  is  alkaline,  because  they 
are  soluble  in  acids ; whilst  others  precipitate  only  when  the 
menstruum  is  acid,  since  they  are  soluble  in  alkaline  sulphurets. 
Now  the  double  sulphuret  of  ammonium  and  hydrogen — (which 
we  will,  in  future,  invariably  call  hydrosulphuret  of  ammonia) — - 
may  be  looked  upon  as  a reagent  in  which  sulphuretted  hydrogen 
acts  in  conjunction  with  ammonia ; we  have  here  accordingly  the 
conditions  requisite  to  effect  the  precipitation  of  the  just  now 
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mentioned  first  group  of  sulphurets,  combined  with  those  requi- 
sites, either  to  prevent  the  precipitation  of  the  sulphurets  of  the 
other  group,  or  to  effect  their  re-solution,  when  precipitated  from 
acid  solutions,  by  digesting  the  precipitate  with  the  reagent. 
Hydrosulphuret  of  ammonia  intended  for  the  latter  purpose  must, 
in  certain  cases,  contain  an  excess  of  sulphur. 

Besides  the  sulphurets,  the  precipitation  of  which  is  effected 
by  the  joint  action  of  sulphuretted  hydrogen  and  of  ammonia, 
hydrosulphuret  of  ammonia  precipitates,  by  the  sole  action  of  its 
ammonia,  alumina  and  oxide  of  chromium  as  hydrated  oxides, 

j 7 

and  likewise  substances  contained  in  a state  of  simple  solution  in 
a free  acid  ; thus  it  precipitates,  for  instance,  phosphate  of  lime 
from  its  solution  in  hydrochloric  acid  ; — this  property  of  hydro- 
sulphuret of  ammonia  must  not  be  lost  sight  of  in  experiments. 

§ 28. 

* 

5.  SULPHURET  OF  POTASSIUM.  (K  O,  S2  0 2 + 2 K S2  .) 

Preparation. — This  reagent  must  be  prepared  fresh  every  time 
when  needed  for  use.  The  best  wTay  of  invariably  ensuring  the 
production  of  a sulphuret  of  potassium  of  uniform  composition, 
is  to  divide  a certain  quantity  of  potass  ley  into  two  equal  por- 
tions, to  boil  the  one  portion  with  sulphur  in  excess,  to  decant 
the  dark  yellow  fluid  from  the  undissolved  sulphur,  and  to  mix 
the  decanted  liquid  with  the  other  portion  of  the  potass  ley. 

Uses. — Sulphuret  of  potassium  is  substituted  for  hydrosul- 
phuret of  ammonia,  to  effect  the  separation  of  sulphuret  of  copper 
from  such  compounds  of  sulphur  as  are  soluble  in  alkaline  sul- 
phurets, from  protosulplmret  of  tin,  for  instance,  since  sulphuret 
of  copper  is  not  quite  insoluble  in  hydrosulphuret  of  ammonia. 

§ 29. 

fi.  potass.  (KO.) 

Preparation. — Dissolve  one  ounce  of  pure  carbonate  of  potass 
(vide  § 30)  in  twelve  ounces  of  water,  pour  the  solution  into  a clean 
iron  pan,  and  heat  to  boiling.  Keep  the  fluid  in  constant  ebul- 
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lition,  and  add  hydrated  lime  in  small  portions  until  a sample  of 
the  mixture  ceases  to  cause  the  slightest  effervescence  when  fil- 
tered into  hydrochloric  acid.  (Two  parts  of  carbonate  of  potass 
require  the  hydrate  of  about  one  part  of  caustic  lime.)  When 
this  point  is  attained,  remove  the  pan  from  the  fire,  when  the 
carbonate  of  lime  formed  in  the  process  will  quickly  subside. 
Pass  the  supernatant  fluid  now  through  a filter  of  bleached  linen, 
and  evaporate  the  filtrate  over  a rapid  fire  in  an  iron  pan  or,  better 
still,  in  a silver  basin,  until  reduced  to  four  ounces,  which  will 
accordingly  give  a specific  gravity  of  1.33. 

Potass  ley  is  most  safely  kept  in  a small  flask,  closed  by 
means  of  ground  glass  caps  instead  of  stoppers ; in  default  of 
capped  flasks,  common  phials  with  ground  stoppers  may  be  used, 
with  this  precaution,  that  a small  slip  of  writing  paper  be  rolled 
round  the  stopper,  otherwise  it  will,  after  the  lapse  of  a short 
time,  be  found  impossible  to  take  the  stopper  off. 

Tests. — Pure  potass  ley  must  be  colorless.  After  supersatura- 
tion with  nitric  acid,  (which  process  should  be  attended  with 
slight  effervescence  only,)  it  must  yield  no  precipitate,  neither 
with  solution  of  chloride  of  barium  nor  with  solution  of  nitrate 
of  silver  ; nor  ought  the  residue  which  remains  upon  evaporation 
to  dryness  leave  any  silicic  acid  when  redissolved  in  water. 
Finally,  potass  ley  ought  not  to  be  rendered  turbid  when  heated 
with  an  equal  measure  of  solution  of  sal  ammoniac. 

Uses. — The  great  affinity  which  potass  possesses  for  acids 
renders  this  substance  a powerful  agent  to  effect  the  decomposi- 
tion of  the  salts  of  most  bases,  and  consequently  the  precipitation 
of  those  bases  which  are  insoluble  in  water.  Many  of  the  thus 
precipitated  oxides  redissolve  in  an  excess  of  potass  ; such  are, 
for  instance,  alumina,  oxide  of  chromium,  oxide  of  lead ; whilst 
others  remain  undissolved,  e.  g.  peroxide  of  iron,  oxide  of  bis- 
muth, Ac.,  Ac.  Potass  serves  accordingly  also  as  a means  to 
separate  the  former  from  the  latter.  Potass  possesses,  moreover, 
a solvent  power  for  many  salts,  (e.  g.  chromate  of  lead,)  sul- 
phurets,  Ac.,  Ac.,  and  enables  us  thus  to  separate  and  distinguish 
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them  from  other  substances.  Many  of  the  oxides  precipitated 
by  the  action  of  potass  exhibit  a peculiar  color  or  possess  other 
characteristic  properties  which  may  serve  to  lead  to  the  detection 
of  the  individual  metal  which  they  respectively  contain ; such 
are,  for  instance,  the  precipitates  of  protoxide  of  manganese, 
protoxide  of  iron,  protoxide  of  mercury,  &c.,  &c.  Potass  expels 
ammonia  from  its  salts,  and  enables  us  thus  to  detect  the  latter 
substance  by  its  odor,  its  reaction  on  vegetable  colors,  &c.  &c. 

§ 30. 

7.  CARBONATE  OF  POTASS.  (K  0,  CO,.) 

V reparation. — Ignite  purified  and  thoroughly-washed  bitar- 
trate of  potass  in  an  iron  pan,  to  complete  carbonization,  boil 
the  residue  with  water,  filter  the  solution,  and  evaporate  it  to 
dryness  in  a clean  iron  pan,  taking  care  towards  the  conclusion 
of  the  process  to  keep  on  stirring  the  mass  without  interruption  ; 
keep  the  dry  salt  in  a well- closed  phial.  When  required  for  use, 
dissolve  one  part  of  the  dry  salt  in  five  parts  of  water. 

Tests. — Carbonate  of  potass  intended  for  analytical  purposes 
must  be  perfectly  white.  Neither  chloride  of  barium  nor  nitrate 
of  silver  must  render  its  solution  turbid,  after  supersaturation 
with  nitric  acid ; nor  ought  the  residue  which  remains  upon  eva- 
porating its  solution  to  dryness,  after  previous  supersaturation 
with  hydrochloric  acid,  leave  any  silica  when  redissolved  in 
water. 

Uses. — With  the  exception  of  the  alkalies,  carbonate  of  potass 
precipitates  the  whole  of  the  bases,  most  of  them  as  carbonates, 
but  some  also  as  oxides.  Those  bases  which  are  soluble  in 
water  as  bicarbonates  require  boiling  for  their  complete  precipita- 
tion from  acid  solutions.  Many  of  the  precipitates  produced  by 
the  action  of  carbonate  of  potass  exhibit  a characteristic  color 
which  may  lead  to  the  detection  of  the  individual  metals  which 
they  respectively  contain.  Solution  of  carbonate  of  potass  serves 
moreover  for  the  decomposition  of  many  insoluble  salts  of. the 
alkaline  earths,  or  with  metallic  bases,  and  more  particularly  of 
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those  with  organic  acids ; upon  boiling  such  salts  with  carbonate 
of  potass,  there  ensues  double  decomposition,  the  base  of  the 
analysed  salt  combining  with  the  carbonic  acid,  whilst  the  libe- 
rated acid  combines  with  the  potass,  and  is  thus  obtained  in 
solution  in  the  form  of  a potass  salt.  Carbonate  of  potass  is 
used  also  to  saturate  free  acids,  and  thus  to  obtain  them  in  the 
form  of  potass  salts.  This  substance  finally  is  used  as  a special 
reagent,  in  which  capacity  it  serves  to  precipitate  platinum  from 
solutions  containing  hydrochloric  acid. 

§ 31. 

8.  AMMONIA.  (NH3.) 

Preparation. — The  apparatus  illustrated  by  Plate  III.  (vide 
§ 26)  may  likewise  serve  for  the  preparation  of  liquor  of  am- 
monia, with  this  modification,  however,  that  no  funnel  tube 
being  required  in  this  process,  the  cork  upon  the  flask  a has 
only  one  perforation  for  the  reception  of  the  tube  which  serves 
to  conduct  the  evolved  ammonia  into  the  washing  bottle.  The 
washing  should  contain  only  a very  small  amount  of  water,  whilst 
the  flask  d,  which  is  intended  for  the  final  reception  of  the 
washed  gas,  must  contain  ten  parts  of  water.  The  operation 
commences  by  slaking  four  parts  of  caustic  lime  with  lj-  parts  of 
water;  the  thus  produced  hydrate  is  introduced  into  a,  and 
mixed  with  five  parts  of  sal  ammoniac  in  powder ; water  is  then 
cautiously  added  sufficient  to  form  the  powder  into  lumps  when 
agitated.  The  flask  a is  then  connected  with  the  rest  of  the 
apparatus,  and  placed  in  a sand-bath,  the  flask  d standing  in  a 
vessel  with  cold  water.  The  evolution  of  gas  will  now  speedily 
ensue,  upon  the  application  of  heat,  which  latter  is  to  be  con- 
tinued until  no  more  bubbles  appear.  The  cork  is  quickly  re- 
moved from  the  flask  a , to  prevent  the  receding  of  the  fluid. 
The  liquor  of  ammonia  contained  in  the  washing  bottle  is  im- 
pure, but  that  contained  in  the  receiver  d is  perfectly  pure ; it 
contains  about  10  per  cent,  of  ammonia,  and  has  accordingly  a 
specific  gravity  of  about  0.93.  It  is  to  be  kept  in  phials  closed 
with  ground  stoppers. 
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Tests. — Liquor  of  ammonia  must  be  colorless,  and  ought  not 
to  leave  the  slightest  residue  when  evaporated  on  a watch-glass, 
nor  should  it  cause  the  slightest  turbidity  in  lime-water  (carbonic 
acid).  Neither  solution  of  nitrate  of  barytes,  nor  solution  of 
nitrate  of  silver,  should  render  it  turbid  after  supersaturation 
with  nitric  acid,  nor  should  sulphuretted  hydrogen  impart  to  it 
the  slightest  color. 

Uses. — Ammonia  is  one  of  the  most  frequently  used  reagents. 
It  is  especially  applied  for  the  saturation  of  acid  fluids,  and 
also  to  effect  the  precipitation  of  a great  many  metallic  oxides 
and  earths;  many  of  these  precipitates  redissolve  in  excess 
of  ammonia  as  ammoniacal  double  salts,  for  instance,  the 
oxides  of  zinc,  cadmium,  silver,  copper,  Ac.,  Ac.,  whilst  others 
are  insoluble  in  free  ammonia.  This  reagent  may  serve,  there- 
fore, to  separate  and  distinguish  the  former  from  the  latter. 
Some  of  these  precipitates,  as  wrell  as  their  ammoniacal  solutions, 
exhibit  a peculiar  color,  which  may  at  once  lead  to  the  detection 
of  the  individual  metals  which  they  respectively  contain. 

Many  of  those  oxides  which  are  precipitated  by  ammonia  from 
neutral  solutions,  are  not  precipitated  by  this  reagent  from  acid 
solutions,  their  precipitation  from  the  latter  being  prevented  by 
the  formation  of  an  ammoniacal  salt.  Compare  § 23,  chloride 
of  ammonium. 

§ 32. 

9.  CARBONATE  OF  AMMONIA.  (N  II 4 O,  C 02.) 

j Preparation. — We  use,  for  the  purposes  of  chemical  analysis, 
purified  sesquicarbonate  of  ammonia,  entirely  free  from  any 
smell  of  animal  oil,  (such  as  is  prepared  on  a large  scale,  by  the 
sublimation  of  sal  ammoniac  and  chalk).  The  outer  and  inner 
surface  of  the  mass  are  to  be  carefully  scraped.  One  part  of  this 
salt  is  to  be  dissolved  in  a mixture  of  four  parts  of  water  with 
one  part  of  caustic  liquor  of  ammonia. 

Tests. — Pure  carbonate  of  ammonia  must  completely  volatilize. 
Neither  solution  of  nitrate  of  barytes,  nor  solution  of  nitrate  of 
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silver,  nor  sulphuretted  hydrogen,  should  color  or  precipitate  it, 
after  supersaturation  with  nitric  acid. 

Uses. — Carbonate  of  ammonia  precipitates,  like  carbonate  of 
potass,  most  metallic  oxides  and  earths.  The  complete  precipita- 
tion of  many  of  them  ensues  equally  only  on  boiling.  Several  of 
the  precipitates  redissolve  again  in  an  excess  of  the  precipitant.  In 
like  manner,  carbonate  of  ammonia  dissolves  many  hydrated 
oxides,  and  thus  enables  us  to  distinguish  and  separate  them 
from  others  which  are  insoluble  in  this  reagent.  This  power  of 
solution  rests  upon  the  tendency  of  the  ammoniacal  salts  to  form 
soluble  double  salts,  which  are  indecomposable  by  free  ammonia 
as  well  as  by  carbonate  of  ammonia. 

Carbonate  of  ammonia,  like  caustic  ammonia,  and  for  the  same 
reason,  fails  to  precipitate  from  acid  solutions,  many  oxides 
which  it  precipitates  from  neutral  solutions.  (Compare  § 31.) 
We  use  carbonate  of  ammonia,  in  chemical  analysis,  princi- 
pally to  effect  the  precipitation  of  barytes,  strontia,  and  lime,  and 
the  separation  of  these  substances  from  magnesia,  since  the  latter 
substance  is  not  precipitated  by  this  reagent  in  the  presence  of 
ammoniacal  salts. 

§ 33. 

10.  CHLORIDE  OF  BARIUM.  (Ba  Cl.) 

Preparation. — Six  parts  of  finely  levigated  sulphate  of  barytes 
are  mixed  with  one  part  of  powdered  charcoal  and  one  and  a half 
part  of  flour ; the  mixture  is  introduced  into  a hessian  crucible, 
and  the  latter  exposed  to  the  strongest  possible  red  heat.  The 
fused  and  refrigerated  mass  is  levigated ; about  nine-tenths 
of  the  powder  is  then  boiled  with  four  times  its  weight  of 
water,  and  hydrochloric  acid  is  added,  until  all  effervescence  of 
sulphuretted  hydrogen  ceases,  and  the  fluid  begins  to  manifest 
a feebly  acid  reaction.  The  last  tenth  of  the  powder  is  then 
added,  and  the  boiling  still  continued  for  some  time.  The 
alkaline  fluid  is  subsequently  filtered,  and  the  filtrate  crys- 
tallized. The  crystals  when  dry  are  digested  and  thoroughly 
washed  with  alcohol,  redissolved  in  water,  and  the  solution 
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finally  re -crystallized.  For  use,  one  part  of  the  crystals  is  dis- 
solved in  ten  parts  of  water. 

Tests. — Pure  chloride  of  barium  must  not  alter  vegetable 
colors,  nor  ought  its  solution  to  be  colored  or  precipitated  by 
sulphuretted  hydrogen,  nor  hy  hydrosulphuret  of  ammonia.  Pure 
sulphuric  acid  must  precipitate  every  fixed  particle  from  it,  so 
that  the  fluid  filtered  off  from  the  precipitate  formed  upon  the 
addition  of  the  test  fails  to  leave  the  slightest  residue  when  eva- 
porated on  a platinum  plate. 

Uses. — Barytes  forms  with  many  acids  soluble,  with  others, 
insoluble  compounds.  This  property  of  barytes  affords  us  a means 
of  distinguishing  the  former  acids,  which  are  not  precipitated  hy 
chloride  of  barium  from  the  latter  in  the  solution  of  the  salts  of 
which  this  reagent  produces  a precipitate.  The  deportment 
which  the  precipitated  salts  of  barytes  respectively  manifest  with 
other  substances  (acids)  differs.  Accordingly,  by  subjecting  the 
salts  to  the  action  of  such  substances,  we  are  enabled  to  subdivide 
the  group  of  precipitable  acids,  and  even  to  detect  certain  indi- 
vidual acids,  and  more  particularly  sulphuric  acid.  This  renders 
chloride  of  barium  one  of  our  most  important  reagents. 

§ 34. 

11.  NITRATE  OF  BARYTES.  (Ba  0,  N 05.) 

Preparation. — A dilute  solution  of  chloride  of  barium  is  boiled, 
and  carbonate  of  ammonia  added,  as  long  as  a precipitate  con- 
tinues to  form,  and  accordingly  until  the  liquid  manifests  an 
alkaline  reaction.  The  carbonate  of  barytes  obtained  by  this 
process  is  carefully  washed,  and  subsequently  projected  into  hot 
dilute  nitric  acid,  until  the  fluid  ceases  to  manifest  an  acid  re- 
action. The  solution  is  then  filtered,  and  the  filtrate  subse- 
quently evaporated  to  crystallization.  For  use,  one  part  of  the 
crystallized  salt  is  dissolved  in  ten  parts  of  water. 

Tests. — The  purity  of  nitrate  of  barytes  is  tested  by  the  same 
means  as  that  of  chloride  of  barium  (§  33).  Nitrate  of  silver 
must  not  render  its  solution  turbid. 
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Uses. — Nitrate  of  barytes  is  analogous  in  its  action  to  chloride 
of  barium,  and  may  be  substituted  for  this  latter  substance  in 
cases  where  it  is  desirable  to  avoid  the  presence  of  a metallic 
chloride. 

§ 35. 

CHLORIDE  OF  CALCIUM.  (Ca  Cl.) 

Preparation . — Chalk  is  added  to  hot  dilute  hydrochloric  acid, 
until  all  acid  reaction  ceases  ; the  solution  is  then  filtered,  and  some 
ammonia  added  to  it ; the  mixture  is  allowed  to  stand  a few 
hours,  at  a moderate  heat,  and  is  afterwards  filtered ; the  filtrate 
is  subsequently  heated  to  boiling,  and  carbonate  of  ammonia 
added  until  the  lime  is  completely  precipitated ; the  precipitated 
carbonate  of  lime  is  to  be  thoroughly  washed.  A mixture  of  one 
part  of  pure  hydrochloric  acid  with  five  parts  of  water  is  now 
heated  and  the  washed  carbonate  of  lime  added  to  complete  neu- 
tralization ; the  solution  is  boiled  up  several  times,  and  subse- 
quently filtered,  and  kept  for  use. 

Tests . — Solution  of  chloride  of  calcium  must  be  perfectly 
neutral,  and  neither  be  colored  nor  precipitated  by  hydrosul- 
phuret  of  ammonia ; nor  ought  it  to  evolve  ammonia  when  mixed 
with  potash  or  with  hydrate  of  lime. 

Uses. — Chloride  of  calcium  is,  in  its  action  and  application, 
analogous  to  chloride  of  barium.  Nor,  as  the  latter  reagent  is 
used  to  divide  the  inorganic  acids  into  groups,  so  chloride  of 
calcium  serves  in  the  same  manner  to  effect  the  separation  of 
the  organic  acids  into  groups,  since  it  precipitates  some  of  them, 
whilst  it  forms  soluble  compounds  with  others.  And,  as  is  the 
case  with  the  barytes  precipitates,  the  different  conditions  under 
which  the  various  insoluble  lime  salts  are  precipitated,  enable 
us  to  subdivide  the  group  of  precipitable  acids,  and  even  to  de- 
tect certain  individual  acids. 

% 36. 

13.  NITRATE  OF  SILVER.  (Ag  0,  N 05.) 

Preparation. — To  obtain  nitrate  of  silver  in  a state  of  purity, 
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silver  alloyed  with  copper,  a piece  of  standard  coin,  for  instance, 
is  dissolved  in  nitric  acid.  The  solution  is  evaporated  to  dryness, 
and  the  residue  fused  in  a small  porcelain  basin  over  a spirit- 
lamp,  at  a moderate  heat,  until  the  nitrate  of  copper  is  com- 
pletely decomposed,  that  is,  until  the  salt  has  completely 
lost  its  green  color,  even  in  the  portions  adhering  to  the  upper 
sides  of  the  basin,  and  the  aqueous  solution  of  a sample  of  it 
fails  to  turn  blue  upon  addition  of  ammonia  in  excess.  The 
mass  is  then  allowed  to  cool,  and  subsequently  boiled  with 
water;  the  solution  of  nitrate  of  silver  is  filtered  off  from  the 
insoluble  oxide  of  copper,  and  the  filtrate  finally  made  to  crys- 
tallize. One  part  of  the  crystals  is  dissolved  in  twenty  parts  of 
water,  for  use.  The  oxide  of  copper  which  remains  upon  the 
solution  of  the  fused  mass,  contains  invariably  a slight  admix- 
ture of  silver.  To  recover  this,  the  residuary  oxide  of  copper  is 
redissolved  in  nitric  acid,  and  the  silver  subsequently  precipitated 
from  the  solution  in  the  form  of  chloride  of  silver. 

Tests. — Solution  of  nitrate  of  silver  must  be  completely  preci- 
pitated by  dilute  hydrochloric  acid,  so  that  the  fluid  filtered  off 
from  the  precipitated  chloride  of  silver,  leaves  no  residue  when 
evaporated  on  a watch-glass,  and  is,  moreover,  neither  precipitated 
nor  colored  by  sulphuretted  hydrogen. 

Uses. — Oxide  of  silver  forms  with  many  acids  soluble,  with 
others  insoluble  compounds.  Nitrate  of  silver  may,  therefore, 
serve,  like  chloride  of  barium,  to  effect  the  separation  and  arrange- 
ment of  acids  into  groups. 

Most  of  the  insoluble  compounds  of  silver  dissolve  in  dilute 
sulphuric  acid ; chloride,  bromide,  iodide  and  cyanide  of  silver 
are  insoluble  in  that  menstruum.  Nitrate  of  silver  is  therefore 
a most  excellent  agent  to  distinguish  and  separate  from  all  other 
acids,  the  hydracids  corresponding  to  the  last- enumerated  four 
compounds  of  silver.  Many  of  the  precipitated  salts  of  silver 
exhibit  a peculiar  color,  (chromate  of  silver,  arseniate  of  silver,) 
or  manifest  a characteristic  deportment  with  other  reagents,  or 
upon  the  application  of  heat ; (formiate  of  silver)  ; nitrate  of 
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silver  is  consequently  a very  important  agent  lor  the  direct 
detection  of  certain  individual  acids. 

§ 37. 

14  PERCHLORIDE  OF  IRON.  (Fe2  Cl3.) 

Preparation. — Heat  a mixture  of  two  parts  of  hydrochloric 
acid,  and  from  six  to  eight  parts  of  water,  with  an  excess  of  small 
iron  nails  free  from  rust,  until  the  evolution  of  hydrogen  ceases ; 
decant  the  solution  into  a very  capacious  vessel,  and  add  one 
part  of  hydrochloric  acid  to  the  decanted  fluid.  Heat  the  mix- 
ture to  boiling,  and  drop  nitric  acid  cautiously  and  gradually  into 
the  boiling  fluid  until  the  addition  of  this  reagent  ceases  to 
produce  effervescence  of  nitric  oxide  gas,  and  evolution  of 
nitrous  acid  fumes,  and  until  a sample  of  the  fluid  fails  to 
impart  a blue  color  to  a solution  of  ferricyanide  of  potassium, 
(§  44).  A small  excess  of  nitric  acid,  however,  does  no  harm. 
Dilute  the  solution  with  water,  heat  to  boiling,  add  ammonia  to 
alkaline  reaction,  and  wash  the  produced  precipitate  of  hydrated 
peroxide  of  iron  thoroughly  with  hot  water.  Now  heat  a mixture 
of  two  and  a half  parts  of  hydrochloric  acid  with  ten  parts  of 
water,  and  project  the  still  moist  precipitate  gradually  into  it  until 
the  last  added  particles  remain  undissolved,  even  upon  continued 
application  of  heat.  Filter  the  solution  finally,  and  keep  the 
filtrate  for  use. 

Tests. — Solution  of  perchloride  of  iron  must  not  contain  an 
excess  of  acid ; this  may  be  readily  ascertained  by  stirring  a 
sample  of  it  with  a glass  rod,  which  has  previously  been  dipped 
in  ammonia,  when  the  absence  of  any  excess  of  acid  will  be 
proved  by  the  formation  of  a precipitate,  which  shaking  of  the 
vessel  and  agitation  of  the  fluid  fail  to  redissolve.  Ferricyanide 
of  potassium  must  not  impart  a blue  color  to  it. 

Uses. — Perchloride  of  iron  serves  to  subdivide  the  group  of 
organic  acids  which  chloride  of  calcium  fails  to  precipitate,  since 

benzoate  and  succinate  of  iron  are  insoluble,  whilst  acetate  and 

♦ 

formiate  of  iron  are  soluble.  The  aqueous  solutions  of  the  neu- 
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30  PHOSPHATE  OF  SODA.  [§  38,  39. 

tral  peracetate  and  performiate  of  iron  exhibit  an  intensely  red 
color ; percliloride  of  iron  is  therefore  a useful  agent  for  the 
detecting  acetic  acid  and  formic  acid.  Percliloride  of  iron  is 
exceedingly  well  adapted  to  effect  the  decomposition  of  phosphates 
of  the  alkaline  earths,  vide  § 99,  «.,  8.  Finally,  this  reagent  is 
applied,  for  the  detection  of  hydroferrocyanic  acid,  since  it  pro- 
duces Prussian  blue  with  this  acid. 

II.  Special  reagents  in  the  humid  way. 

a.  Reagents  which  serve  principally  for  the  detection  or  separa- 
tion of  individual  bases. 

% 38. 

1.  sulphate  of  potass.  (K  0,  S 03.) 

Preparation. — The  sulphate  of  potass  of  commerce  is  purified 
by  re-crystallization,  and  one  part  of  the  pure  salt  is  dissolved  in 
twelve  parts  of  water  for  use. 

Uses. — Sulphate  of  potass  precipitates  from  solutions  of  salts  of 
barytes  and  strontia  the  insoluble  sulphates  of  the  oxides.  It 
serves,  therefore,  to  effect  the  detection  and  separation  of  barytes 
and  strontia.  It  produces  likewise  a precipitate  in  very  highly 
concentrated  solutions  of  lime,  but,  in  most  cases  this  precipitate 
forms  only  after  the  lapse  of  some  time  ; it  fails  to  precipitate  di- 
lute solutions  of  lime-  The  action  of  sulphate  of  potass  is  analo- 
gous to  that  of  dilute  sulphuric  acid  ; the  former  reagent  is,  how- 
ever, in  many  cases  preferable  to  the  latter,  since  it  does  not  dis- 
turb the  neutrality  of  the  solution. 

§ 39. 

2.  PHOSPHATE  OF  soda.  (P05,  2 Na  0,  HO.) 

Preparation. — Heat  dilute  phosphoric  acid  of  commerce,  and 
add  solution  of  carbonate  of  soda  until  all  effervescence  ceases, 
and  the  fluid  begins  to  manifest  an  alkaline  reaction.  Filter  the 
fluid  and  crystallize  the  filtrate  subsequently  by  evaporation  ; purify 
the  produced  salt  by  repeated  recrystallization,  and  dissolve  one 
part  of  the  pure  salt  in  10  parts  of  water  for  use. 
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Tests. — Solution  of  phosphate  of  soda  must  not  become  turbid 
when  heated  with  ammonia.  The  precipitates  which  solution  of 
nitrate  of  barytes  and  solution  of  nitrate  of  silver  produce  in  it, 
must  completely  redissolve  upon  addition  of  dilute  nitric  acid. 

Uses. — Phosphate  of  soda  precipitates  the  alkaline  earths,  and 
all  metallic  oxides,  by  double  affinity.  It  serves  in  the  course  of 
analysis,  after  the  separation  of  the  heavy  metallic  oxides,  as  a 
test  for  alkaline  earths  in  general ; and,  after  the  separation  of 
barytes,  strontia,  and  lime,  as  a special  test  for  the  detection  of 
magnesia,  for  which  latter  purpose  it  is  used  in  conjunction  with 
ammonia,  the  magnesia  precipitating,  under  these  circumstances,  as 
basic  phosphate  of  magnesia  and  ammonia. 

§ 40. 

3.  ANTIMONIATE  OF  POTASS.  (KO,  Sb  05.) 

Vreparcition. — Mix  four  parts  of  metallic  antimony  of  commerce 
with  nine  parts  of  nitrate  of  potass  ; project  the  mixture  gradually 
into  a red-hot  hessian  crucible,  and  continue  for  some  time  to 
maintain  the  latter  in  a state  of  ignition.  Boil  the  fused  mass 
subsequently  with  water  until  the  soluble  part  is  completely  ex  • 
tracted ; dry  the  residue,  mix  50  parts  of  it  with  24  parts  of  dry 
carbonate  of  potass,  introduce  the  mixture  into  a hessian  crucible, 
and  expose  the  latter  for  30  minutes  to  red  heat ; keep  the  thus 
produced  friable  mass  in  a stoppered  phial. — -For  use,  digest  one 
part  of  the  triturated  mass  with  20  parts  of  water  at  a gentle  heat, 
allow  the  solution  to  cool,  and  filter  it  when  quite  cold.  The 
solution  obtained  upon  boiling  the  antimonium  diaphoreticum  non 
ciblutum , (Vlmr.  Bor.)  may  likewise  be  used,  since  the  salts  which 
this  solution  contains  in  admixture  scarcely  impair  the  suscepti- 
bility of  the  reaction. 

Uses. — Antimonic  acid  forms  with  soda  a salt  of  extremely  diffi- 
cult solubility.  Antimoniate  of  potass  affords  us  therefore  a 
means  of  detecting  the  presence  of  soda.  Antimonic  acid  forms, 
however,  insoluble  compounds  with  the  alkaline  earths,  and 
with  most  of  the  metallic  oxides.  Antimoniate  of  potass  can, 
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therefore,  only  serve  for  the  detection  of  soda  in  cases  where  the 
fluid  to  be  analysed  contains  simply  soda  or  potass.  For  further 
particulars  on  this  point,  I refer  to  § 80. 

§ 41. 

4.  NEUTRAL  CHROMATE  OF  POTASS.  (KO,  Cl’  03.) 

Preparation . — Dissolve  the  bichromate  of  potass  of  commerce 
in  water  and  add  carbonate  of  potass  to  feebly  alkaline  reaction. 
Crystallize  the  yellow  fluid  thus  produced ; wash  the  crystals 
thoroughly,  and  dissolve  one  part  of  the  salt  in  ten  parts  of  water, 
for  use.  The  solution  must  be  neutral. 

Uses. — Chromate  of  potass  decomposes  most  of  the  soluble  salts 
with  metallic  oxides,  by  double  affinity.  Most  of  the  precipitated 
chromates  are  very  difficultly  soluble,  and  many  of  them  exhibit 
characteristic  colours  which  lead  readily  to  the  detection  of  the 
individual  metal  which  they  respectively  contain.  We  use  chro- 
mate of  potass  principally  as  a test  for  lead. 

§ 42. 

5.  CYANIDE  OF  POTASSIUM.  (K  Cy.) 

Preparation . — A certain  portion  of  ferrocyanide  of  potassium 
of  commerce  is  rendered  anhydrous  by  the  application  of  a gentle 
heat  assisted  by  stirring;  the  anhydrous  mass  is  levigated,  and 
eight  parts  of  the  dry  powder  are  intimately  mixed  with  three  parts 
of  perfectly  dry  carbonate  of  potass  ; the  mixture  is  introduced  into 
a red-hot  hessian,  or,  better  still,  iron  crucible,  and  the  latter  well 
covered  and  maintained  at  a moderate  red  heat,  until  the  mixture 
is  in  a state  of  clear  and  calm  fusion.  The  fused  cyanide  of  po- 
tassium is  then  poured  into  a heated  porcelain  or  silver  basin, 
or  upon  a clean  iron  plate  ; this  part  of  the  process  must  be  execu- 
ted with  great  care  and  caution  to  prevent  the  passing  over  of  any 
of  the  minute  particles  of  iron  which  have  separated  in  the  process 
of  fusion,  and  subsided  to  the  bottom  of  the  crucible.  The  cyanide 
of  potassium  thus  obtained  is  exceedingly  well  adapted  for  analyti- 
cal purposes,  although  it  contains  an  admixture  of  cyanate  of 
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potass  which,  upon  solution  in  water,  is  transformed  into  carbonate 
of  ammonia,  and  carbonate  of  potass,  (KO,  NC2  0 + 4 HO— KO, 
C02  + NH4  0,  COa).  The  real  formula  for  this  cyanide  of 
potassium  is  accordingly=5  K Cy  + KO,  Cy  O.— For  use,  one  part 
of  it  is  dissolved  in  four  parts  of  distilled  water,  without  applica- 
tion of  heat. 

Tests. — Cyanide  of  potassium  must  he  of  a milk  white  color, 
and  perfectly  free  from  any  admixture  of  particles  of  iron.  The 
solution  in  water  should  he  perfectly  clear.  It  ought  to  contain 
neither  silicic  acid  nor  sulphuret  of  potassium ; the  precipitate 
which  salts  of  lead  produce  in  its  solution,  must  exhibit  a 
pure  white  appearance,  and  the  residue  which  its  solution  leaves 
upon  evaporation  after  previous  supersaturation  with  hydrochloric 
acid  must  yield  a perfectly  clear  solution  when  treated  with 
water. 

Uses. — Cyanide  of  potassium  (containing  au  admixture  of 
cyanate  of  potass)  produces  in  the  solutions  of  most  of  the  salts 
with  metallic  oxides,  precipitates  of  metallic  cyanides,  oxides  or 
carbonates,  which  are  insoluble  in  water.  The  precipitated  cy- 
anides are  soluble  in  cyanide  of  potassium,  and  may  therefore 
be  separated  from  the  oxides  or  carbonates,  by  further  addition 
of  this  reagent.  Some  of  the  metallic  cyanides  redissolve  in- 
variably in  conjunction  with  the  cyanide  of  potassium  as  double 
cyanides,  even  in  presence  of  free  hydrocyanic  acid ; whilst  the 
metals  of  others  combine  with  cyanogen,  giving  rise  to  the  forma- 
tion of  new  radicals,  which  are  thus  obtained  in  solution  in  com- 
bination with  potassium.  The  most  common  compounds  of  the 
latter  description  are  cobalto-cyanide  of  potassium,  and  ferro  and 
ferricyanide  of  potassium.  These  differ  from  the  double  cyanides 
of  the  former  description,  particularly  in  this,  that  dilute  acids 
fail  to  precipitate  the  metallic  cyanides  which  they  contain. 
Cyanide  of  potassium  may  consequently  serve  to  separate  the 
metals  which  form  compounds  of  the  latter  description  from 
others,  the  cyanides  of  which  are  precipitated  by  acids  from  their 
solution  in  cyanide  of  potassium.  In  the  course  of  analysis,  this 


54  FERROCYANIDE  AND  FERRICYANIDE  OF  POTASSIUM.  [§  43,  44. 

reagent  serves  to  effect  tlie  separation  of  cobalt  from  nickel,  and 
also  of  copper  from  cadmium.  (Compare  § 89  and  § 92.) 

§ 43, 

6.  FERROCYANIDE  OF  POTASSIUM.  (CQ  N3  Fe  + 2 K=Cfy  + 2 K.) 

* ■ * , ■ * t 

Preparation. — Ferrocyanide  of  potassium  of  commerce  is  suffi- 
ciently pure  for  the  purposes  of  chemical  analysis.  One  part  of 
the  salt  is  dissolved  in  twelve  parts  of  water,  for  use. 

Uses. — Ferrocyanogen  forms  with  most  metals  compounds, 
insoluble  in  water,  and  which  frequently  exhibit  highly 
characteristic  colors.  These  ferrocyanides  are  formed  when 
ferrocyanide  of  potassium  is  brought  into  contact  with  soluble 
salts  of  metallic  oxides,  with  chlorides,  &c.,  the  potassium  chang- 
ing place  with  the  metals.  Ferrocyanide  of  copper  and  perferro- 
cyanide  of  iron  exhibit  the  most  characteristic  colors  of  all,  and 
ferrocyanide  of  potassium  serves,  therefore,  particularly  as  a test 
for  copper  and  peroxide  of  iron. 

§ 44. 

7.  FERRICYANIDE  OF  POTASSIUM. 

(C12  N6  Fe2  + 3 K=2  Cfy+3  K.) 

Preparation. — This  reagent  is  produced  by  transmitting  chlo- 
rine gas  through  a solution  of  one  part  of  ferrocyanide  of  potas- 
sium in  ten  parts  of  water,  until  the  addition  of  a few  drops  of 
the  fluid  fails  to  produce  a blue  precipitate  or  color  in  a 
solution  of  perchloride  of  iron.  The  solution  is  then  concen- 
trated by  evaporation,  and  some  carbonate  of  potass  added,  until 
the  mixture  begins  to  manifest  a feebly- alkaline  reaction.  The 
liquid  is  then  filtered,  and  the  filtrate  allowed  to  cool.  The 
crystals  obtained  are  of  a magnificent  red  color.  One  part  of 
the  salt  is  dissolved  in  ten  parts  of  water,  for  use.  The  solution, 
as  already  remarked,  must  neither  produce  a blue  precipitate 
nor  a blue  color,  when  added  to  solution  of  perchloride  of 
iron. 

Uses. — Ferricyanide  of  potassium  decomposes  with  solutions  of 
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metallic  oxides,  in  the  same  manner  as  ferrocyanide  of  potassium. 
Of  the  metallic  ferricyanides,  that  of  iron  is  more  particularly  cha- 
racterized by  its  color,  and  we  apply  ferricianide  of  potassium, 
therefore,  principally  as  a test  for  protoxide  of  iron.  Ferri- 
cyanide  of  potassium  intended  for  this  purpose  may  very  well 
be  prepared  extempore,  by  gradually  adding  nitric  acid  to  a 
solution  of  ferrocyanide  of  potassium,  until  a sample  of  the  mix- 
ture ceases  to  impart  a blue  color  to  solution  of  perchloride  of 
iron.  All  elevation  of  temperature  must  he  avoided  in  this 
process,  and  the  vessel  ought  to  be  agitated  whilst  the  nitric  acid 
is  added. 

§ 45. 

8.  SULPHOCYANIDE  OF  POTASSIUM.  (2CyS-fK.) 

Preparation. — Mix  intimately  forty-six  parts  of  anhydrous 
ferrocyanide  of  potassium,  seventeen  parts  of  carbonate  of  potass, 
and  thirty-two  parts  of  sulphur;  introduce  the  mixture  into  an 
iron  pan  provided  with  a lid,  and  heat  to  fusion  at  a gentle 
fire  ; maintain  the  same  moderate  heat  until  the  turgescence  of 
the  mass  which  ensues  at  first  has  completely  subsided  and  given 
place  to  a state  of  tranquil  and  clear  fusion;  increase  the  tempe- 
rature now,  towards  the  end  of  the  operation,  to  faint  redness, 
in  order  to  decompose  the  hyposulphite  of  potass  which  has  been 
formed  in  this  process.  Remove  the  half-refrigerated  and  still 
soft  mass  from  the  pan,  break  or  crush  it,  and  boil  the  pieces 
with  alcohol.  From  the  thus  produced  alcoholic  solution,  part 
of  the  sulphocyanide  of  potassium  will  separate  in  colorless 
crystals,  upon  cooling;  the  rest  may  be  obtained  by  distilling 
the  alcohol  off  from  the  mother  liquor.  One  part  of  the  salt  is 
dissolved  in  ten  parts  of  water,  for  use. 

Uses. — Sulphocyanide  of  potassium  serves  for  the  detection  of 
peroxide  of  iron,  the  presence  of  which  it  indicates  with  the 
greatest  possible  susceptibility  and  precision  ; it  is  in  this  respect 
preferable  to  all  other  reagents. 
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§ 46. 

9.  HYDHOFLUOSILICIC  ACID.  (Si  Fl5,  FI  H.) 

Preparation. — A mixture  of  one  part  of  sand  and  one  part 
of  fluor-spar  powder  is  introduced  into  a glass  flask,  and  six  parts 
of  sulphuric  acid  poured  over  it ; the  aperture  of  the  flask  is 
closed  with  a perforated  cork,  into  which  the  one  end  of  a bent 
tube  is  fitted  air-tight.  The  other  limb  of  the  tube  is  made  to 
pass  to  the  bottom  of  a tall  flat-bottomed  glass  jar,  into  which 
a small  amount  of  mercury  is  poured  sufficient  to  cover  the  ex- 
tremity of  the  tube  to  the  extent  of  several  lines ; the  mercury 
is  then  covered  wdtli  four  parts  of  water.  The  disengagement  of 
fluosikclc  gas,  which  commences  even  in  the  cold,  is  promoted 
by  exposing  the  flask  to  a gentle  heat,  in  the  sand-bath.  Every 
gas  bubble  ascending  through  the  mercury  produces  in  the  water 
a precipitate  of  hydrated  silicic  acid.  The  rationale  of  this  pro- 
cess is,  that  of  every  three  equivalents  of  fluoride  of  silicon, 
(Si  Fl2),  one  equivalent  transposes  with  two  equivalents  of  water 
into  silicic  acid  (Si  02),  which  separates,  and  hydrofluoric  acid 
which  combines  with  the  two  undecomposed  equivalents  of  fluo- 
ride of  silicon  to  hydrofluosilicic  acid. 

[3  Si  FI 2 +2  H 0=2  (Si  Fl2,  FI  H)  -f  Si  02.] 

The  precipitated  hydrate  of  silicic  acid  renders  the  liquid  gela- 
tinous, and  it  is  for  this  reason  that  the  aperture  of  the  exit  tube 
must  be  placed  under  mercury,  since  it  would  speedily  be  choked 
if  this  precaution  were  neglected.  It  sometimes  happens  in  the 
course,  and  especially  towards  the  end,  of  the  operation,  that  the 
gas  forms  complete  tubes  or  channels  of  silica  in  the  gelatinous 
liquid,  through  which  it  subsequently  gains  the  surface  without 
undergoing  decomposition,  if  they  are  not  occasionally  broken 
by  stirring  the  liquid.  When  the  evolution  of  gas  has  completely 
ceased,  the  gelatinous  paste  is  thrown  upon  a piece  of  linen,  and 
the  fluid  squeezed  through  and  subsequently  passed  through  a 
filter.  The  filtrate  is  kept  for  use. 
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Tests. — Hydrofluosilicic  acid,  mixed  with  two  parts  of  water, 
must  produce  no  precipitate  in  solutions  of  salts  of  strontia. 

Uses. — Bases  transpose  with  hydrofluosilicic  acid,  into  water, 
and  metallic  silicofluorides.  Many  of  the  latter  are  soluble,  whilst 
others  are  insoluble ; the  latter  may,  therefore,  by  means  of  this 
reagent,  he  distinguished  from  the  former.  In  the  course  of 
analysis,  hydrofluosilicic  acid  is  applied  simply  for  the  detection 
of  barytes. 

§ 47. 

10.  Oxalic  acid.  (2  CO-f  0=C2  03=0.) 

"Preparation. — Pour  a mixture  of  5 parts  of  nitric  acid  of  1.42 

spec,  gray.,  and  10  parts  of  water,  over  one  part  of  starch  in  a 
porcelain  basin,  and  heat  gently  until  the  evolution  of  nitrous 
acid  ceases.  Filter  the  fluid,  and  bring  the  filtrate  to  crystalliza- 
tion; drain  the  mother  liquor  off,  and  purify  the  crystals  subse- 
quently by  recrystallization.  Keep  the  produced  substances  in 
powder,  since  its  solution  speedily  suffers  decomposition. 

Tests. — Oxalic  acid,  when  boiled  with  a small  amount  of  indigo 
solution,  must  not  discolor  the  latter. 

Uses. — Oxalic  acid  forms  with  many  bases,  salts  which  are 
insoluble  in  water,  and  therefore  serves  to  effect  the  precipitation 
of  such  bases.  Many  of  these  insoluble  oxalates  are  readily 
soluble  in  an  excess  of  oxalic  acid,  whilst  others  dissolve  with 
difficulty  in  the  same  menstruum ; — this  different  deportment 
distinguishes  the  precipitated  bases  from  one  another.  But 
since  all  the  oxalates  which  are  insoluble  in  water,  dissolve  in 
stronger  acids,  (hydrochloric  acid,  and  nitric  acid,)  oxalic  acid 
will  in  most  cases  effect  the  complete  precipitation  of  the  respective 
bases  only  if  the  liberated  acid  is  saturated  writh  an  alkali. 

In  the  systematic  course  of  analysis,  oxalic  acid  is  a very  valu- 
able and  important  agent  for  the  detection  and  separation  of  lime. 

§ 48. 

11.  oxalate  of  ammonia.  (NH4  0,0.) 

Preparation. — Dissolve  oxalic  acid  in  water,  add  ammonia 


58 


TARTARIC  ACID.  CAUSTIC  BARYTES. 


[§  49,  50. 


until  the  fluid  begins  tu  manifest  a feebly  alkaline  reaction,  and 
crystallize.  Dissolve  one  part  of  the  salt  in  24  parts  of  water,  for 
use. 

Uses. — Oxalate  of  ammonia  is  very  conveniently  substituted  for 
oxalic  acid  and  ammonia.  It  lias  this  great  advantage  over  free 
oxalic  acid,  that  its  solution  keeps,  whilst  that  of  the  free  acid 
suffers  decomposition. 

§ 4 9. 

12.  TARTARIC  ACID.  (C4  H2  05=X.) 

The  tartaric  acid  of  commerce  is  sufficiently  pure  for  the  pur- 
pose of  chemical  analysis.  It  is  best  preserved  in  powder,  since  its 
solution,  after  some  time,  suffers  decomposition,  attended  with 
the  formation  of  a white  film  upon  its  surface. 

Uses. — The  addition  of  tartaric  acid  to  a solution  of  iron,  man- 
ganese, chromium,  alumina,  cobalt,  and  various  other  metals, 
prevents  the  usual  precipitation  of  these  metals  upon  the  subse- 
quent addition  of  an  alkali  : their  non-precipitation  is  owing  to 
the  formation  of  double  tartrates,  which  are  not  decomposed  by 
alkalies. 

Tartaric  acid  may  serve  accordingly  to  effect  the  separation  of 
these  metals  from  those  the  precipitation  of  which  it  fails  to  pre- 
vent. Tartaric  acid  forms  a difficultly  soluble  acid  or  bisalt  with 
potass,  but  not  so  with  soda ; it  is  therefore  one  of  our  best  re- 
agents to  distinguish  potass  from  soda. 

§ 50. 

13.  CAUSTIC  BARYTES.  (Ba  0.) 

Preparation . — Boil  one  part  of  sulphuret  of  barium  (§  33) 
with  20  parts  of  wTater  ; add  to  the  hot  solution  an  excess  of  pul- 
verized copper  scales,  and  apply  heat  until  a filtered  sample  of  the 
fluid  fails  to  impart  a black  color  to  a solution  of  acetate  of 
lead.  Filter  the  fluid  whilst  hot,  and  add  a sufficient  amount  of 
water  to  prevent  the  subsequent  crystallization — (upon  cooling)  — 
of  any  considerable  portion  of  the  dissolved  hydrate  of  barytes. 
Keep  the  saturated  water  of  barytes  in  well-stoppered  phials ; 
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should  it  contain  an  admixture  of  copper,  this  may  he  readily 
removed  by  cautiously  adding  sulphuretted  hydrogen,  and  filtering 
the  fluid  subsequently  off  from  the  precipitated  sulphuret  of 
copper. 

Uses. — Caustic  barytes  is  a strong  base,  and  acts  analogously 
to  lime,  i.  e.  it  precipitates  the  alkaline  earths  and  metallic  oxides 
which  are  insoluble  in  water,  from  the  solution  of  their  salts. 
We  use  barytes  in  the  course  of  analysis,  simply  for  the  precipi- 
tation of  magnesia,  and  for  this  purpose  solution  of  sulphuret  of 
barium  will  serve  as  well,  provided  it  contain  an  admixture  of 
caustic  barytes.*  Water  of  barytes  may  serve,  moreover,  like 
chloride  of  barium  and  nitrate  of  barytes,  to  effect  the  precipita- 
tion of  those  acids  which  form  insoluble  compounds  with  barytes  ; 
in  this  respect,  however,  water  of  barytes  is  principally  applied 
only  for  the  detection  of  carbonic  acid. 

§ 51. 

14.  PROTOCHLORIDE  OF  TIN.  (Sn  Cl.) 

Preparation. — Fuse  a certain  amount  of  English  tin  in  an  iron 
spoon,  and,  after  having  removed  the  latter  from  the  fire,  triturate 
the  fused  mass  with  a pestle  until  it  has  completely  solidified. 
Introduce  the  powder  which  is  thus  obtained,  into  a flask,  pour 
concentrated  sulphuric  acid  over  it,  (taking  care,  always,  that  the 
tin  predominate,)  and  boil  the  mixture ; dilute  the  solution  sub- 
sequently with  four  times  its  amount  of  water,  slightly  acidulated 
with  hydrochloric  acid,  and  filter.  Pour  the  filtrate  into  a phial 
containing  small  fragments  of  metallic  tin,  and  close  the  phial 
carefully.  If  these  precautions  be  neglected,  the  protochloride 
will  soon  change  into  percliloride,  which,  of  course,  will  render  the 
reagent  totally  unfit  for  the  purposes  for  which  it  is  intended. 

Tests. — Solution  of  protochloride  of  tin,  when  added  to  a solu- 
tion of  percliloride  of  mercury,  must  immediately  produce  a white 
precipitate  of  protochloride  of  mercury ; when  treated  with  sul- 

* Sulphuret  of  barium  contains  invariably  an  admixture  of  caustic  barytes, 
when  not  prepared  at  an  exceedingly  high  temperature. 
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phuretted  hydrogen,  it  must  yield  a dark  brown  precipitate ; it 
should  not  he  precipitated,  nor  rendered  turbid  by  sulphuric 
acid. 

Uses. — The  great  tendency  of  protochloride  of  tin  to  absorb 
oxygen,  and  thus  to  form  peroxide, — or  rather  perchloride  of 
tin,  since  the  peroxide,  in  the  moment  of  its  formation,  transposes 
with  the  free  hydrochloric  acid  present, — render  this  substance 
one  of  our  most  powerful  reducing  agents.  We  use  this  reagent^ 
in  the  course  of  analysis,  as  a test  for  mercury,  and  likewise  to 
effect  the  detection  of  gold,  for  which  hitter  purpose  it  is  pre- 
viously to  be  mixed  with  some  nitric  acid  without  heating. 


§ 52. 

15.  PERCHLORIDE  OF  GOLD.  (AuC13.) 

Preparation. — To  produce  this  reagent,  fine  shreds  of  gold, 
which  may  be  alloyed  either  with  silver  or  copper,  are  introduced 
into  a flask,  and  drenched  wdtli  an  excess  of  aqua  regia ; a gentle 
heat  is  then  applied  to  the  flask,  and  maintained  as  long  as  the 
metallic  mass  continues  to  dissolve.  A sample  of  the  solution  is 
then  diluted  with  wTater,  and  subsequently  tested  with  ferrocyanide 
of  potassium ; should  this  reagent  produce  a brown  red  precipi- 
tate, this  is  a sure  sign  that  the  gold  wTas  alloyed  writli  copper* 
and  the  solution  is,  in  that  case,  to  be  mixed  w7ith  solution  of 
protosulphate  of  iron  in  excess,  when  the  perchloride  of  gold  will 
suffer  reduction  to  the  metallic  state,  the  gold  separating  in  form 
of  a fine  brownish  black  pow^der;  the  latter  is  then  introduced 
into  a small  flask,  thoroughly  washed,  and  subsequently  re- 
dissolved in  aqua  regia ; the  solution  is  evaporated  to  dryness  in 
the  water-bath,  and  the  residue  finally  dissolved  in  thirty  parts  of 
wrater.  Should  the  gold  be  alloyed  vdth  silver,  the  latter  metal 
will  at  once  remain  as  chloride  of  silver,  upon  treating  the  alloy 
with  aqua  regia.  In  this  case,  the  solution  is  to  be  at  once  eva- 
porated to  dryness,  and  the  residue  dissolved  for  use  in  thirty 
parts  of  vyater. 
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Uses. — Perchloride  of  gold  has  a great  tendency  to  yield  up  its 
chlorine  to  other  substances,  and  accordingly  possesses  the  pro- 
perty of  converting  protochlorides  into  perchlorides,  protoxides 
into  peroxides  and  perchlorides,  &c.  These  peroxidations,  &c. 
are  usually  indicated  by  the  precipitation  of  pure  metallic  gold,  in 
form  of  a blackish  brown  powder.  In  the  systematic  course  of 
analysis,  this  reagent  serves  exclusively  for  the  detection  of  pro- 
toxide of  tin,  in  the  solution  of  which  it  produces  a purple  color, 
or  a purple- colored  precipitate.  (Yide  infra.) 

§ 53. 

16.  Bichloride  of  platinum.  fPt  Cl2.) 

Preparation. — To  obtain  this  reagent,  platinum  filings,  which 
have  been  purified  previously  by  boiling  with  nitric  acid,  are 
introduced  into  a narrow-necked  flask,  and  drenched  with  concen- 
trated hydrochloric  acid ; some  nitric  acid  is  then  added,  and  a 
gentle  heat  applied,  with  occasional  additions  of  fresh  portions  of 
nitric  acid;  this  process  is  continued  until  the  platinum  is  com- 
pletely dissolved.  The  solution  is  subsequently  evaporated  to 
dryness  in  the  water-bath,  some  hydrochloric  acid  being  added 
during  the  operation ; the  residue  is  finally  dissolved  in  ten  parts 
of  water. 

Uses. — Perchloride  of  platinum  forms  very  sparingly  soluble 
double  salts,  with  chloride  of  potassium  and  chloride  of  ammo- 
nium, whilst  the  double  salt  which  it  forms  with  chloride  of 
sodium  is  very  readily  soluble.  It  serves,  therefore,  to  detect  am- 
monia and  potass,  and  is,  indeed,  our  most  susceptible  reagent 
for  the  latter  substance. 

§ 54. 

17.  zinc.  (Zn.) 

Pure  sublimed  zinc  is  selected  for  the  purposes  of  chemical 
analysis ; particular  care  should  be  taken  to  have  it  perfectly  free 
from  arsenic.  The  method  described  at  § 25  will  serve  to  detect 
the  presence  of  the  slightest  trace  of  this  substance.  The  pure 
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sublimed  zinc  is  to  be  fused,  and  a portion  of  it  gradually  dropped 
into  a large  vessel,  containing  water  ; tbe  remainder  is  to  be  cast 
into  small  cylinders,  by  pouring  the  fused  metal  into  wooden 
moulds,  coated  with  chalk. 

Uses. — The  great  affinity  which  zinc  possesses  for  oxygen  and 
its  oxides  for  acids,  renders  this  metal  a very  valuable  agent  to 
effect  the  reduction  of  many  metallic  salts  and  oxides,  and  conse- 
quent precipitation  of  the  reduced  metals.  Since  the  thus  preci- 
pitated metals  vary  in  color,  form,  &c.,  this  reagent  may  likewise 
serve  for  their  individual  detection.  We  apply  it  principally  for 
the  precipitation  of  antimony  and  of  tin.  Zinc  is  moreover  fre- 
quently used  for  the  evolution  of  hydrogen. 

§ 55. 

18.  iron.  (Fe.) 

Iron,  like  zinc,  reduces  many  metallic  salts  and  oxides,  and 
precipitates  the  reduced  metals.  We  use  it  especially  for  the  de- 
tection of  copper,  which  precipitates  upon  it  with  its  characteristic 
color.  Any  clean  surface  of  iron,  such  as  a knife-blade,  a needle, 
a piece  of  wire,  &c.,  will  serve  for  this  purpose. 

§ GO. 

19.  COPPER.  (Cu.) 

We  use  copper  exclusively  to  effect  the  reduction  of  mercurial 
salts  ; the  metallic  mercury  precipitates  upon  the  surface  of  the  cop- 
per, forming  a white  coating,  which  shines  with  silvery  lustre 
when  rubbed.  Any  copper  coin  scoured  with  fine  sand,  in  fact 
any  clean  surface  of  copper,  may  be  employed  for  this  purpose. 

b.  Special  reagents , which  are  principally  applied  for  the 
detection  or  separation  of  individual  acids. 

§ 57. 

1.  ACETATE  OF  POTASS.  (KO,  A.) 

Preparation. — This  reagent  is  prepared  by  dissolving  one  part 
of  pure  carbonate  of  potass  in  two  parts  of  water,  heating  the  solu- 
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tion,  and  saturating  it  exactly  with  acetic  acid.  Acetate  of  potass 
being  but  rarely  required  in  analysis,  it  is  best  to  prepare  it  fresli 
every  time  that  it  is  needed. 

Uses. — Any  of  the  salts  of  potass  may  serve  to  produce  a pre- 
cipitate of  tartar,  and  therefore  to  detect  tartaric  acid ; but  the 
acetate  of  potass  is  peculiarly  adapted  for  this  purpose,  since  the 
precipitated  bitartrate  of  potass  is  insoluble  in  the  liberated  acetic 
acid.  Acetate  of  potass  serves  also  to  precipitate  from  simple 
solutions  in  free  mineral  acids,  certain  compounds  which  are 
insoluble  in  acetic  acid.  In  the  systematic  course  of  analysis  it 
is  principally  applied  in  the  process  of  the  decomposition  of  the 
phosphated  alkaline  earths,  to  effect  the  precipitation  of  the  per- 
phosphate  of  iron  from  hydrochloric  solution. 

§ 58. 

2.  CAUSTIC  LIME.  (Ca  0.) 

Preparation. — Take  recently  prepared  hydrate  of  lime,  and 
digest  it  for  some  time  with  cold,  distilled  water,  with  frequent 
agitation  of  the  mixture  ; allow  the  undissolved  portion  of  the 
lime  to  subside,  and  decant  subsequently,  and  keep  the  clear  fluid 
in  well-stoppered  phials.  Besides  lime-water,  hydrate  of  lime 
should  also  be  kept  in  store. 

Tests. — Lime-water  must  impart  a strongly-pronounced  brown 
tint  to  turmeric  paper,  and  yield  with  carbonate  of  potass  a not 
too  inconsiderable  precipitate.  It  is  totally  unfit  for  use  as  soon 
as  it  loses  these  properties,  which  happens  speedily  when  it  is 
exposed  to  the  contact  of  air. 

Uses. — Lime  forms  with  many  acids  insoluble,  with  others 
soluble  salts.  Lime-water  may  accordingly  serve  to  distinguish 
the  former  acids,  which  it  precipitates  from  the  latter,  which  it 
fails  to  precipitate.  Many  of  the  precipitated  acids  precipitate 
only  under  certain  conditions,  e.  g.  on  boiling,  (citric  acid,)  and 
it  is  therefore  easy  to  distinguish  them  from  one  another  indivi- 
dually by  altering  these  conditions.  We  employ  lime-water  prin- 
cipally to  effect  the  detection  of  carbonic  acid,  and  also  to  distin- 
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guisli  paratartaric  acid,  tartaric  acid,  and  citric  acid,  from  one 
another. — Hydrate  of  lime  serves,  like  caustic  potass,  to  liberate 
ammonia,  and  is  in  many  cases  preferable  to  the  latter  reagent. 

§ 59. 

3.  SULPHATE  OF  LIME.  (Ca  0,  S03.) 

Preparation. — To  produce  this  reagent,  a concentrated  solution 
of  chloride  of  calcium  is  mixed  with  dilute  sulphuric  acid,  the 
precipitate  produced  is  thoroughly  washed,  digested,  and  agitated 
for  some  time  with  water ; the  undissolved  particles  are  then 
allowed  to  subside,  and  the  clear  supernatant  fluid  is  decanted  and 
kept  for  use. 

Uses. — Sulphate  of  lime  serves  to  effect  the  further  subdivision 
of  those  acids  which  are  precipitable  by  chloride  of  calcium,  since, 
owing  to  its  difficult  solubility,  a few  acids  only  of  that  group 
(oxalic  acid,  paratartaric  acid,)  produce  precipitates  in  its  solu- 
tion. The  solution  of  sulphate  of  lime  serves  moreover  as  a re- 
agent for  bases,  viz.  to  distinguish  and  separate  barytes,  strontia, 
and  lime  from  one  another,  since,  of  course,  it  fails  to  precipitate 
the  latter,  whilst  it  acts  upon  solutions  of  barytes  and  strontia  in 
the  same  manner  as  highly  dilute  sulphuric  acid,  i.  e.  it  precipi- 
tates the  barytes  immediately,  and  the  strontia  only  after  the 
lapse  of  some  time. 

§ 60. 

4.  CHLORIDE  OF  MAGNESIUM.  (Mg  Cl.) 

Preparation . — Chloride  of  magnesium  is  prepared  by  heating  a 
mixture  of  one  part  of  hydrochloric  acid  and  two  and  a half  parts 
of  water,  and  adding  basic  carbonate  of  magnesia,  (magnesiee 
carbonas  of  the  shops,)  until  the  liquid  ceases  to  manifest  acid  re- 
action. The  solution  is  then  once  more  boiled  up,  subsequently 
filtered,  and  kept  for  use.  Sulphate  of  magnesia  may,  in  most 
cases,  be  substituted  for  chloride  of  magnesium. 

Uses. — Chloride  of  magnesium  serves  almost  exclusively  for 
the  detection  of  phosphoric  acid,  which  it  precipitates  from  aqueous 
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solutions  of  phosphates,  in  presence  of  ammonia,  in  the  form  of  a 
double  salt,  (basic  phosphate  of  magnesia  and  ammonia,)  which 
is  nearly  insoluble,  and  possessed  of  highly  characteristic  proper- 
ties. Chloride  of  magnesium  is  moreover  applied  to  test  the 
purity  of  hydrosulphuret  of  ammonia.  (Vide  § 27.) 

§ 61. 

5.  PROTOSULPHATE  OF  IRON.  (Fe  0,  S 03.) 

Preparation. — To  prepare  this  reagent,  iron  nails  in  excess, 
free  from  rust,  are  heated  with  dilute  sulphuric  acid  until  the 
evolution  of  hydrogen  ceases  ; the  solution  is  then  filtered,  and 
a few  drops  of  dilute  sulphuric  acid  are  added  to  the  filtrate, 
which  is  subsequently  allowed  to  cool.  A sufficiently  concen- 
trated solution  will  yield  crystals  simply  upon  cooling ; dilute 
solutions  require  evaporation  for  the  production  of  crystals. 
The  crystals  are  washed  with  water  slightly  acidulated  with  sul- 
phuric acid,  and  are  subsequently  dried  and  preserved. 

Uses. — Protosulphate  of  iron  has  a great  disposition  to  absorb 
oxygen  and  to  be  converted  into  persulphate  of  iron.  It  acts 
therefore  as  a powerful  reducing  agent.  We  employ  it  prin- 
cipally to  effect  the  reduction  of  nitric  acid,  which  it  reduces  to 
the  state  of  nitric  oxide  by  withdrawing  three  atoms  of  oxygen 
from  it.  The  reduction  of  the  nitric  acid  being  attended,  in  this 
case,  with  the  formation  of  a very  peculiar,  intensely  brownish - 
black  compound  of  nitric  oxide  with  undecomposed  protosulpliate 
of  iron,  this  reaction  is  particularly  characteristic  and  susceptible 
for  the  detection  of  nitric  acid.  Protosulphate  of  iron  serves 
moreover  for  the  detection  of  hydro -ferricyanic  acid,  with  which 
it  produces  a kind  of  Prussian  blue,  and  also  to  effect  the  precipi- 
tation of  metallic  gold  from  solutions  of  the  salts  of  this  metal. 

m § 62. 

6.  SOLUTION  OF  MAGNETIC  OXIDE  OF  IRON  (FERROSO-FERRIC  OXIDE.) 

Fe  0,  S03+Fe2  Cl3.) 

This  reagent  is  not  kept  on  hand,  but  prepared,  when  needed, 
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GO  PROTOXIDE  AND  ACETATE  OF  LEAD.  [§  03 05. 

by  mixing  solution  of  protosulphate  of  iron  with  some  perchloride 
of  iron.  It  serves  for  the  detection  of  hydrocyanic  acid,  which 
when  previously  combined  with  alkalies,  yields  with  it  a precipitate 
of  sesquiferrocyanide  of  iron.  (Prussian  blue). 

03. 

7.  FROTOXIDE  OF  LEAD.  (PI)  O.) 

Protoxide  of  lead  is  employed  for  the  detection  of  free  acetic 
acid,  since  it  forms  with  this  acid  alone,  a soluble  compound, 
possessed^f  alkaline  reaction.  Finely- elutriated  litharge  answers 
this  purpose  sufficiently  well.  (Compare  § 105,  a .,  7.) 

§ 04. 

8.  NEUTRAL  ACETATE  OF  LEAD.  (Pb  O,  A.) 

The  better  sorts  of  commercial  acetate  of  lead  are  sufficiently 
pure  for  the  purposes  of  chemical  analysis.  One  part  of  the  salt 
is  dissolved  in  ten  parts  of  water  for  use. 

Uses. — Protoxide ‘of  lead  forms  with  a great  many  acids,  com- 
pounds which  are  insoluble  in  water,  and  marked  either  by  their 
peculiar  color  or  characteristic  deportment.  The  acetate  of  lead 
for  instance,  produces  precipitates  in  the  solutions  of  these  acids  or 
of  their  salts,  and  contributes  essentially  to  detect  and  distinguish 
several  of  them  individually.  Thus,  in  particular,  chromate  of  lead 
is  characterised  by  its  yellow  color,  phosphate  of  lead  by  its  peculiar 
deportment  before  the  blow -pipe,  and  malate  of  lead  by  its  ready 
fusibility. 

§ 65. 

% 

0.  BASIC  ACETATE  OF  LEAD.  (3  Pb  O,  A.) 

Preparation. — Introduce  a mixture  of  seven  parts  of  finely 
elutriated  litharge  with  six  parts  of  neutra\  acetate  of  lead  into  a 
flask,  and  pour  thirty  parts  of  water  oWfcdt ; close  the  flask 
carefully,  and  allow  it  to  stand  in  a moderately  warm  spot,  with 
occasional  agitation  of  its  contents,  until  the  sediment  in  it  is 
perfectly  white.  Decant  subsequently,  and  keep  the  clear  fluid 
v in  «a  well-stoppered  phial.  This  reagent  is  unfit  for  use,  if  it  con- 
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tains  the  sligfSist  admixture  of  copper ; it  is  necessary,  therefore, 
to  test  it  with  ammonia ; should  it  acquire  a blue  color  upon  the 
addition  of  this  reagent,  this  is  a sure  sign  of  the  presence  of 
copper,  which  is  to  be  removed,  in  such  cases,  by  digesting  the 
solution  with  metallic  lead  until  all  the  copper  is  precipitated. 

Uses. — The  basic  acetate  of  lead,  like  the  neutral  acetate,  pre- 
cipitates those  acids  which  form  insoluble  compounds  with  oxide 
of  lead,  and  indeed  all  those  which  are  soluble  in  acetic  acid, 
more  completely  than  the  former  reagent.  We  employ  it  in 
analysis  especially  for  the  detection  of  sulphuretted  hydrogen, 
for  which  substance  it  is  our  most  susceptible  reagent.  It  serves, 
moreover,  to  neutralize  free  acids,  in  cases  where  it  is  desirable 
to  avoid  the  application  of  an  alkali,  thus  it  is  used,  for  instance, 
to  render  highly  acid  solutions  of  nitrate  of  bismuth  precipitable 
by  water. 

§ 66. 

10.  HYDRATED  OXIDE  OF  BISMUTH.  (BiO+HO.) 

Preparation . — Coarsely-pounded  bismuth  is  gradually  projected 
into  pure  nitric  acid  of  12  sp.  gr.  as  long  as  it  continues  to 
dissolve  in  the  acid  ; the  operation  is  to  be  assisted  by  the  appli- 
cation of  a gentle  heat.  The  solution  is  diluted  with  about  an 
equal  quantity  of  warm  water,  (slightly  acidified  with  nitric  acid,) 
and  subsequently  filtered ; the  filtrate  is  mixed  with  from  ten  to 
twenty  parts  of  water,  and  ammonia  added  to  the  milky  fluid, 
until  it  predominates  perceptibly ; *$he  mixture  is  then  heated, 
and  the  precipitate  which  has  forbied  in  it  is  subsequently 
washed,  first  by  decantation,  and  fin^Mupon  a filter;  the  washed 
precipitate  is  afterwards  dried  betw^m  some  sheets  of  blotting- 
paper,  at  a moderate  heat. 

Uses. — The  oxide  of  bismuth,  when  boiled  with-  alkaline  solur 
tions,  of  metallic  sulphurets,  transposes  with  the  latter,  giving 
thus  rise  to  the  formation  of  metallic  oxides,  and  sulphuret  of 
bismuth.  It  is  better  adapted  for  this  purpose  than  oxide  of 
copper,  since  it  enables  the  operator  to  judge  immediately  upoi^' 
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the  addition  of  a fresh  portion  whether  the  decomposition  is  com- 
pleted or  not.  It  has  still  another  advantage  over  oxide  ol 
copper,  viz.,  it  does  not,  like  the  latter,  dissolve  in  the  alkaline 
fluid,  in  presence  of  organic  substances,  nor  does  it  act  as  a 
reducing  agent  upon  reducible  oxygen  compounds.  We  use  the 
hydrated  oxide  of  bismuth  principally  to  convert  sulpliarsenious 
and  sulphuric  acid  into  arsenious  and  arsenic  acid,  for  which 
purpose  oxide  of  copper  is  altogether  inapplicable,  since  it  con- 
verts the  arsenious  acid  immediately  into  arsenic  acid,  being  itself 
reduced  to  the  state  of  sub-oxide 

§ 67. 

11.  SULPHATE  OF  COPPER.  (Ctl  O,  S03.) 

Preparation. — The  blue  vitriol  of  commerce,  purified  by  re- 
crystallization, is  perfectly  well  adapted  for  the  purposes  of  che- 
mical analysis. 

Uses. — Sulphate  of  copper  is  employed  in  qualitative  analysis, 
to  effect  the  precipitation  of  hydriodic  acid  as  protiodide  of  copper. 
For  this  purpose  it  is  necessary  to  mix  the  solution  of  one  part 
of  the  blue  vitriol  with  two  parts  and  a quarter  of  protosulphate 
of  iron,  otherwise  half  of  the  iodine  will  separate  in  a free  state. 
The  protoxide  of  iron  is  peroxidized  in  this  process  at  the  ex- 
pense of  the  oxygen  of  the  oxide  of  copper,  which  latter  is  thus 
reduced  to  the  state  of  suboxide.  Sulphate  of  copper  is  used, 
moreover,  as  a test  for  arsenious  and  arsenic  acid,  and  it  is  indeed 
in  this  respect  a very  susceptible,  but  by  no  means  a charac- 
teristic reagent.  For  this  purpose  it  is  best  to  convert  the  sul- 
phate into  ammonio-sulphatp  of  copper  by  adding  to  its  solution 
until  the  precipitate  which  forms  at  first,  is  just  redissolved. 
Sulphate  of  copper,  applied  in  conjunction  with  potass,  is  how- 
ever a most  excellent  means  to  distinguish  arsenious  acid  from 
arsenic  acid,  since  the  presence  of  the  former  acid  is  indicated  at 
once  by  the  separation  of  red  oxide  (suboxide)  of  copper.  Com- 
pare § 95,  d.,  7.  Sulphate  of  copper  may  also  serve  to  detect  the 
presence  of  hydroferrocyanic  acid. 


§ 08,  69.]  PROTONITRATE  AND  PEROXIDE  OF  MERCURY. 
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§ 08. 

12.  PROTONITRATE  OF  MERCURY.  (Hg9  O,  N05.) 

Preparation. — To  prepare  this  reagent,  nine  parts  of  nitric 
acid,  of  1.23  sp.  gr.,  are  gently  heated  in  a small  flask,  in  con- 
junction with  ten  parts  of  mercury,  until  the  disengagement  of 
nitrous  acid  fumes  ceases ; the  solution  is  then  boiled  for  some 
time  with  the  undissolved  portion  of  the  mercury,  taking  care 
to  replace  the  evaporating  water,  and  this  process  is  continued 
until  the  whole  of  the  mercury  contained  in  a sample  of  the  fluid 
is  precipitated  as  protochloride,  upon  the  addition  of  a solution 
of  common  salt  in  excess,  so  that  protochloride  of  zinc  fails  to 
produce  the  slightest  precipitate  in  the  liquid  filtered  off  from 
the  precipitated  protochloride.  The  solution  is  then  agitated 
with  the  undissolved  mercury  until  cold ; the  crystals  obtained 
are  pounded,  and  subsequently  agitated  with  twenty  parts  of  cold 
water,  slightly  acidulated  with  nitric  acid.  The  fluid  is  then 
filtered,  if  necessary,  and  the  filtrate  kept  in  a glass  bottle,  the 
bottom  of  which  is  covered  with  mercury. 

Uses. — The  protonitrate  of  mercury  acts  in  an  analogous 
manner  to  the  corresponding  salt  of  silver.  In  the  first  place, 
it  precipitates  many  acids,  especially  the  hydracids ; and  secondly, 
it  serves  for  the  detection  of  several  readily  .oxidiz able  substances, 
e.  g.  of  formic  acid,  since  the  oxidation  of  such  substances,  at 
the  expense  of  the  oxygen  of  the  black  oxide  of  mercury,  is 
attended  with  the  highly  characteristic  separation  of  metallic 
mercury. 

§ 69. 

13.  PEROXIDE  OF  MERCURY.  (Hg  O.) 

The  peroxide  of  mercury  of  commerce  is  very  finely  levigated, 
previously  to  which  the  peroxide  of  mercury  should  be  moistened 
with  some  alcohol  to  prevent  its  minute  particles  from  rising  into 
the  air.  The  powder  is  kept  for  use.  Peroxide  of  mercury  is  a 
safe  and  characteristic  reagent  for  hydrocyanic  acid,  since  it 
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dissolves  in  alkaline  fluids  only  when  this  acid  is  present.  (Com- 
pare § 101,  d.,  5.) 

§ 70. 

14.  PERCHLORIDE  OF  MERCURY.  (Hg  Cl.) 

The  commercial  perchloride  of  mercury  is  sufficiently  pure  for 
the  purposes  of  chemical  analysis.  For  use,  one  part  of  the  salt 
is  dissolved  in  sixteen  parts  of  water. 

Uses. — Perchloride  of  mercury  yields  with  various  acids,  e.  g. 
with  hydriodic  acid,  precipitates  of  characteristic  color,  but  it  is, 
nevertheless,  one  of  the  least  essential  reagents  for  the  determina- 
tion of  individual  acids.  It  serves  also  as  an  oxidizing  agent, 
and  enables  us  to  detect  the  presence  of  readily  oxidizable  bodies, 
e.  g.  of  protoxide  of  tin,  by  the  precipitation  of  protochloride  of 
mercury,  attendant  upon  their  oxidation. 

§ 71. 

AMMONIO-NITRATE  OF  SILVER.  (A  g 0,  N05  + 2NH3.) 

This  reagent  is  not  kept  on  hand,  but  prepared  fresh  every 
time  when  needed  for  use  ; its  preparation  is  very  simple : caustic 
ammonia  is  cautiously  dropped  into  a solution  of  nitrate  of  silver, 
till  the  precipitate  which  forms  at  first  is  redissolved.  It  serves 
for  the  detection  of  arsenious  and  arsenic  acid  in  solutions  which 
contain  a free  acid. 

§ 72. 

10.  SULPHUROUS  ACID.  (SO*.) 

Preparation. — Introduce  a certain  amount  of  small  pieces  of 
charcoal  into  a flask,  add  from  six  to  eight  times  their  weight  of 
sulphuric  acid,  apply  heat,  and  conduct  the  evolved  gas  into  cold 
water,  taking  care  to  keep  the  receiver  cool ; continue  the  pro- 
cess until  the  water  ceases  to  absorb  sulphurous  acid.  The  solu- 
tion thus  obtained  must  be  kept  in  well-stoppered  phials. 

Uses. — Sulphurous  acid  has  a great  tendency  to  absorb  oxygen 
and  to  be  thus  converted  into  sulphuric  acid.  It  is,  therefore, 
one  of  our  most  powerful  reducing  agents,  and  effects  the  preen 
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pitation  of  metallic  mercury  from  solutions  of  mercurial  salts, 
and  the  reduction  of  chromic  acid  to  oxide  of  chromium,  as 
protochloride  of  tin  does.  We  employ  sulphurous  acid  princi- 
pally to  convert  arsenic  acid  into  arsenious  acid,  as  a preliminary 
and  greatly  facilitating  step  towards  the  subsequent  precipitation 
of  the  arsenic  by  means  of  sulphuretted  hydrogen,  (vide  § 95, 
e .,  3.)  Before  applying  this  reagent,  it  is  always  necessary  to 
ascertain  by  the  smell  whether  it  continues  perfectly  fit  for  use. 

§ 73. 

17.  CHLORINE.  (Cl.) 

Preparation . — Introduce  one  part  of  peroxide  of  manganese 
in  powder  into  a flask,  and  add  from  four  to  five  parts  of  com- 
mercial hydrochloric  acid  ; apply  a gentle  heat  to  the  flask,  and 
conduct  the  evolved  gas  into  a jar  containing  from  thirty  to  forty 
parts  of  water  of  the  lowest  possible  temperature.  Keep  the  thus 
produced  chlorine  water  in  a well  closed  bottle,  cautiously  pro- 
tected from  the  influence  of  light,  since  if  this  precaution  be 
neglected,  the  reagent  will  soon  become  completely  decomposed, 
i.  e.  converted  into  dilute  hydrochloric  acid,  with  evolution  of 
oxygen,  (owing  to  the  decomposition  of  the  water.) 

Uses . — Chlorine  lias  a greater  affinity  for  metals  and  for 
hydrogen  than  iodine  and  bromine.  Chlorine  water  is  therefore 
an  efficient  agent  to  effect  the  expulsion  of  iodine  and  bromine 
from  their  compounds.  Free  chlorine  forming  with  bromine, 
chloride  of  bromine,  and  with  iodine,  chloride  of  iodine,  and  these 
compounds  presenting  a different  deportment  from  that  of  the  free 
metalloids,  the  greatest  care  must  he  taken,  in  certain  cases,  e.  g. 
when  testing  for  iodine  by  means  of  starch,  (§  101,  c.,  8),  to 
avoid  adding  chlorine  water  in  excess.  Chlorine  serves,  more- 
over, for  the  destruction  of  organic  substances,  by  withdrawing 
hydrogen  from  the  water,  which  contains  these  substances,  so 
that  the  liberated  oxygen  is  enabled  to  combine  with  the  vege- 
table matter,  and  thus  to  effect  their  decomposition.  For  this 
latter  purpose  it  is  most  advisable  to  evolve  the  chlorine  in  the 
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iluid,  which  contains  the  organic  substances  ; this  is  effected  by 
adding  hydrochloric  acid  to  the  fluid,  heating  the  mixture  to 
boiling,  and  adding,  finally,  chlorate  of  potash.  This  gives  rise 
to  the  formation  of  chloride  of  potassium  and  water,  and  to  the 
disengagement  of  chloroso-cliloric  acid,  (Cl3  013,  Millon), 
which  acid  acts  analogously  to  chlorine. 

§ 74. 

18.  SOLUTION  OF  INDIGO. 

Preparation . — One  part  of  indigo  powder  is  heated  with  seven 
parts  of  fuming  sulphuric  acid.  For  use,  the  solution  obtained 
is  diluted,  with  so  much  water  that  the  fluid  appears  just  still 
distinctly  blue. 

Uses. — Indigo  is  decomposed  upon  boiling  with  nitric  acid, 
and  this  decomposition  is  attended  with  the  formation  of  oxi- 
dation-products of  a yellow  color.  Solution  of  indigo  serves 
therefore  for  the  detection  of  nitric  acid,  both  in  a free  state 
and  in  nitrates,  in  which  latter,  however,  the  nitric  acid  must 
first  be  liberated  by  means  of  sulphuric  acid. 

§ 75. 

19.  STARCH-PASTE. 

Common  starch  is  rubbed  with  cold  water,  and  the  mixture 
subsequently  heated  to  boiling,  with  constant  stirring.  The 
paste  must  be  uniform,  and  so  thin  as  almost  to  run. 

Uses. — Starch,  when  brought  into  contact  with  free  iodine, 
forms  with  the  latter  substance  a peculiar  dark-blue  compound, 
the  color  of  which  is  so  intense  that  it  remains  still  distinctly 
perceptible,  even  though  the  two  substances  be  brought  together, 
in  a highly  dilute  state.  Starch-paste  is  therefore  a most  excel- 
lent and  delicate  test  for  free  iodine.  It  is  far  less  susceptible 
with  regard  to  bromine,  the  fiery  yellow  color  of  bromide  of  starch 
being  not  by  any  means  so  characteristic  and  intense  as  the  blue 
of  iodide  of  starch. 
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B.  REAGENTS  IN  THE  DRY  WAY. 

1.  Fluxes  and  decomposing  agents. 

h 76. 

1.  MIXTURE  OF  CARBONATE  OF  SODA  AND  CARBONATE  OF  POTASS. 

(Na  0,  0 02  + K0,  C 02.) 

Preparation . — Ten  parts  of  effloresced  carbonate  of  soda  are 
intimately  mixed  (by  trituration)  with  thirteen  parts  of  dry  car- 
bonate of  potass  ; the  mixture  is  kept  in  a closed  vessel. 

Uses.- — When  silicic  acid  or  silicates  are  fused  with  about 
four  parts,  (and  consequently  with  an  excess,)  of  carbonate  of 
potass  or  soda,  carbonic  acid  escapes  with  effervescence,  and 
alkaline  silicate  is  formed,  which,  being  soluble  in  water,  may  be 
a basic  readily  separated  from  such  metallic  oxides  as  it  may 
contain  in  admixture;  from  this  basic  alkaline  silicate  hydro- 
chloric acid  separates  the  silicic  acid  invariably  in  its  soluble 
modification. — When  a fixed  alkaline  carbonate  is  fused  in  con- 
junction with  sulphate  of  barytes,  of  strontia,  or  of  lime,  the 
carbonic  acid  transposes  with  the  sulphuric  acid ; this  transposi- 
tion causes  the  formation  of  an  alkaline  sulphate  and  carbonate 
of  barytes,  strontia,  or  lime ; in  these  new  compounds,  both  the 
acid  and  base  of  the  previously  insoluble  sulphate  may  now  be 
readily  detected  and  determined.  We  use  neither  carbonate  of 
potass  alone  nor  carbonate  of  soda  alone,  to  effect  the  decompo- 
sition of  the  insoluble  silicates  and  sulphates;  but  we  apply  for 
this  purpose  the  above  described  mixture  of  both,  because  this 
mixture  requires  a far  lower  degree  of  heat  for  fusion  than  either 
of  its  two  components,  and  thus  enables  us  to  conduct  the  opera- 
tion over  a Berzelius’  lamp.  The  fusion  with  alkaline  car- 
bonates is  invariably  effected  in  a platinum  crucible,  provided  no 
reducible  metallic  oxides  be  present. 

§ 77. 

HYDRATE  OF  BARYTES.  (BaO,  HO.) 

Preparation. — The  crystals  of  barytes,  prepared  according  to 
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the  directions  given  at  § 50,  are  heated  gently  in  a porcelain 
crucible  until  the  crystallization  water  is  completely  expelled. 
The  residuary  white  mass  is  levigated,  and  kept  for  use  in  a well- 
closed  phial. 

Uses. — Hydrate  of  barytes  fuses  at  a gentle  red-heat  without 
losing  its  water.  Upon  fusing  silicates  in  conjunction  with 
about  four  times  as  much  hydrate  of  barytes,  transposition  ensues, 
superbasic  silicate  of  barytes  is  formed,  and  the  oxides  are  libe- 
rated. Now,  upon  treating  the  fused  mass  subsequently  with 
hydrochloric  acid,  evaporating  the  solution  to  dryness,  and  di- 
gesting the  residue  with  hydrochloric  acid,  the  silicic  acid  is 
separated,  and  the  oxides  are  obtained  in  solution  in  the  form  of 
chlorides.  We  use  hydrate  of  barytes  as  a flux  when  we  wish 
to  test  silicates  for  alkalies.  This  reagent  is  preferable  as  a flux 
to  the  carbonate  or  nitrate  of  barytes,  since  it  does  not  require  a 
very  high  temperature  for  its  fusion,  as  is  the  case  with  the  one 
of  the  latter  compounds  of  barytes,  nor  does  it  cause  any  spirting 
in  the  fusing  mass,  arising  from  disengagement  of  gas,  as  is  the 
case  with  the  other.  Fluxing  with  hydrate  of  barytes  is  effected 
in  silver'  or  platinum  crucibles. 

§ 78. 

3.  NITRATE  OF  POTASS.  (K  0,  N 05.) 

Preparation . — Dissolve  commercial  nitre  in  boiling  water  to 
complete  saturation ; dilute  the  solution  subsequently  with  a 
small  portion  of  water,  filter  hot  into  a beaker-glass,  place  the 
latter  in  cold  water,  and  stir  the  solution  till  cold.  Project  the 
crystalline  powder  obtained  upon  a filter,  and  wash  it  with  cold 
water  until  the  rinsings  cease  to  be  rendered  turbid  by  nitrate 
of  silver.  Dry  the  washed  nitrate  of  potass  well,  and  keep  it  for 
use. 

Tests. — A solution  of  nitrate  of  potass  must  neither  be  ren- 
dered turbid  by  solution  of  nitrate  of  silver  or  nitrate  of  barytes, 
nor  ought  it  to  be  precipitated  by  carbonate  of  potass. 

Uses. — Nitrate  of  potass  serves  as  a very  powerful  oxidizing 
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agent,  by  yielding  oxygen  to  combustible  substances  when  heated 
in  conjunction  with  the  latter.  We  use  this  reagent  principally 
to  convert  several  metallic  sulphurets,  and  more  particularly  the 
sulphurets  of  tin,  antimony,  and  arsenic,  into  oxides  and  acids. 
We  use  nitrate  of  potass  also  to  effect  the  rapid  and  complete 
combustion  of  organic  substances  ; for  the  latter  purpose,  how- 
ever, nitrate  of  ammonia  is  preferable  in  most  cases  ; this  reagent 
is  prepared  by  saturating  nitric  acid  with  carbonate  of  ammonia. 

II.  Blow-pipe  reagents. 

§ 79. 

1.  CHARCOAL.  (C.) 

Any  kind  of  thoroughly  calcined  wood-charcoal  may  be  used 
for  blow-pipe  experiments.  The  charcoal  of  pine  or  lmden-wood 
is  however  preferable  to  any  other  sort.  Smooth  pieces  ought  to 
be  selected,  as  knotty  pieces  split  when  heated,  and  thus  throw 
off  portions  of  the  matter  under  examination. 

Uses. — Charcoal  is  principally  used,  in  blow-pipe  experiments, 
as  a support  for  the  substance  under  examination,  (vide  § 18.) 
The  following  are  the  properties  which  render  it  so  valuable  in 
this  respect.  First,  its  infusibility ; 2nd,  its  low  conducting 
power  for  heat,  which  admits  of  substances  being  heated  more 
strongly  upon  a charcoal  than  upon  any  other  support ; 3rd,  its 
porosity,  by  means  of  which  it  imbibes  readily  fusible  substances, 
such  as  borax,  carbonate  of  soda,  &c.,  whilst  infusible  bodies 
remain  on  its  surface ; 4th,  its  property  to  reduce  oxidized  bodies, 
whereby  it  co-operates  in  the  reduction  of  oxides  by  the  inner 
flame  of  the  blow-pipe. — Charcoal  serves,  moreover,  to  effect  the 
reduction  of  arsenious  acid  and  of  arsenic  acid,  since,  at  a red- 
heat,  it  withdraws  the  oxygen  from  their  acids.  For  this  pur- 
pose, the  charcoal  is  used  either  in  the  form  of  small  splinters, 
or  as  a coarse  powder.  The  separation  of  the  arsenic  from  its 
acids  requires  sometimes  the  conjoint  application  of  charcoal  and 
an  alkaline  carbonate  ; in  such  cases  it  is  best  to  use  a mixture 
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of  effloresced  carbonate  of  soda  and  lamp-black  ; this  mixture 
is  to  be  ignited  in  a covered  crucible,  and  kept  in  a well-stoppered 
phial. 

§ 80. 

2.  CARBONATE  OF  SODA.  (Na  0,  C09.) 

Preparation. — An  intimate  mixture  of  one  part  of  crystallized 
and  three  parts  of  effloresced  carbonate  of  soda  is  introduced  into 
the  broken-off  neck  of  a retort,  or  into  a wide  glass  tube,  or  some 
other  vessel  of  that  description ; the  one  aperture  of  the  tube 
Ac.  is  left  open,  the  other  is  closed  with  a perforated  cork  into 
which  a tube  is  fitted  ; this  tube  is  connected  with  a gas  evolution 
flask  containing  carbonate  of  lime,  from  which  carbonic  acid  is 
subsequently  evolved  by  means  of  hydrochloric  acid  as  soon  as 
the  whole  apparatus  is  fully  prepared.  The  evolved  carbonic 
acid  combines  with  the  carbonate  of  soda,  and  forms  bicarbo- 
nate. The  complete  saturation  of  the  carbonate  of  soda  with 
carbonic  acid  is  indicated  by  the  fall  of  the  temperature  of  the 
mixture  which  had  become  elevated  in  the  course  of  the  process, 
and  by  the  immediate  extinction  of  an  ignited  wood- splint,  when 
held  before  the  open  aperture  of  the  tube.  The  salt  is  now 
placed  upon  a filter,  and  washed  with  cold  water,  until  the 
rinsings  cease  to  be  rendered  turbid  by  chloride  of  barium  or 
nitrate  of  silver,  after  previous  supersaturation  with  nitric  acid  ; 
the  salt  is  then  dried,  and  subsequently  ignited  in  a silver,  pla- 
tinum, or  porcelain  crucible.  The  ignition  of  the  bicarbonate 
causes  the  expulsion  of  one  atom  of  carbonic  acid,  and  then 
remains,  consequently,  simple  carbonate  of  soda.  The  purity 
of  carbonate  of  soda  is  tested  by  the  same  means  as  that  of  car- 
bonate of  potash.  Hydrosulphuret  of  ammonia  must  not  alter 
its  solution. 

Uses. — Carbonate  of  soda  is  readily  fusible,  and  is,  therefore, 
peculiarly  adapted  to  promote  the  reduction  of  oxidized  sub- 
stances by  the  inner  flame  of  the  blow-pipe.  While  it  enters 
into  fusion,  it  brings  the  oxides  into  the  most  intimate  contact 
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with  the  charcoal  support,  and  enables  the  flame  to  embrace 
every  part  of  the  sample  under  examination.  But  it  does  not 
co-operate  in  this  process  by  its  matter,  nor  by  transposition  of 
its  constituents.  If  the  quantity  operated  upon  be  very  minute, 
the  reduced  metal  will  often  be  found  in  the  pores  of  the  coal. 
In  such  cases,  the  parts  surrounding  the  little  cavity  which  con- 
tained the  sample  are  digged  out  with  a knife,  triturated  in  a 
small  mortar,  and  the  coal  washed  off  from  the  metallic  particles, 
which  thereupon  become  visible,  either  in  form  of  powder  or  as 
small  and  flat  spangles,  according  to  the  nature  of  the  individual 
metal  or  metals  present. 

In  many  cases,  e.  g.  in  the  reduction  of  peroxide  of  tin,  some 
borax  may  be  advantageously  added  to  the  carbonate  of  soda,  in 
order  to  render  the  mass  more  readily  fusible.  Carbonate  of  soda 
serves  also  as  a solvent.  Platinum  wire  is  the  most  convenient 
support  for  testing  the  solubility  of  substances  in  fusing  carbo- 
nate of  soda.  The  sample  to  be  examined  is  made  into  a paste 
with  some  carbonate  of  soda  and  water;  and  this  paste  is  placed 
upon  the  loop  of  a platinum  wire,  and  heated.  A few  only  of 
the  bases  dissolve  in  melting  carbonate  of  soda,  but  acids  dis- 
solve with  facility  therein.  Silicic  acid  differs  from  all  other 
acids,  inasmuch  as  the  glass  which  it  forms  with  carbonate  of 
soda  remains  clear  upon  cooling,  provided,  of  course,  the  two 
constituents  be  present  in  the  requisite  proportions.  Carbonate 
of  soda  is  moreover  applied  as  a decomposing  agent  and  flux, 
and  more  particularly  to  effect  the  decomposition  of  the  insoluble 
sulphates,  with  which  it  exchanges  acids,  whilst,  at  the  same 
time,  the  new-formed  sulphate  of  soda  is  reduced  to  sulphuret  of 
sodium, — and  of  the  sulphurets  of  arsenic  with  which  it  trans- 
poses to  sulphuret  of  arsenic  and  sodium,  and  arsenite  or  arse- 
niate  of  soda,  thus  converting  the  arsenic  into  a form  which 
permits  its  subsequent  reduction  by  hydrogen.  Finally,  carbonate 
of  soda  is  the  most  susceptible  reagent  in  the  dry  way,  for  the 
detection  of  manganese,  since,  when  fused  in  the  outer  flame  of 
the  blow-pipe,  in  conjunction  with  a substance  containing  man- 
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ganese,  it  produces  a green,  turbid  button,  owing  to  the  formation 
of  manganate  of  soda. 

§ 81. 

3.  CYANIDE  OF  POTASSIUM.  (K  Cy.) 

For  the  preparation  of  this  reagent,  vide  § 42. 

Uses. — Cyanide  of  potassium  is  an  exceedingly  powerful  re- 
ducing agent  in  the  dry  way,  in  fact,  it  excels  in  its  action  almost 
all  other  reagents  of  the  same  class,  and  separates  the  metals 
not  only  from  oxygen  compounds,  but  also  from  sulphur  com- 
pounds; this  reduction  is  attended,  in  the  former  case,  with 
formation  of  cyanate  of  potash,  the  cyanide  of  potassium  absorb- 
ing oxygen,  and,  in  the  latter  case,  with  formation  of  sulplio- 
cyanide  of  potassium.  By  means  of  this  reagent  we  may  effect 
the  reduction  of  metals  from  their  compounds  with  the  greatest 
possible  facility ; thus  wTe  may,  for  instance,  produce  pure  anti- 
mony from  antimonious  acid  or  from  sulphuret  of  antimony, 
metallic  iron  from  peroxide  of  iron,  &c.,  &c.  The  readiness  with 
which  cyanide  of  potassium  enters  into  fusion  facilitates  the 
reduction  of  the  metals  greatly  ; the  process  may  usually  be  con- 
ducted even  in  a porcelain  crucible  over  a spirit-lamp.  Cyanide 
of  potassium  is  a particularly  valuable  and  important  agent  to 
effect  the  reduction  of  arsenites  and  arseniates,  and  more  par- 
ticularly of  sulpliarsenious  acid.  Compare  § 95,  d .,  10.  Cyanide 
of  potassium  is  equally  important  as  a blow-pipe  reagent.  Its 
action  is  exceedingly  energetic  ; substances  like  peroxide  of  tin, 
bisulphuret  of  tin,  &c.,  the  reduction  of  which,  by  means  of 
carbonate  of  soda,  requires  a tolerably  strong  flame,  are  reduced 
by  cyanide  of  potassium  with  the  greatest  facility.  In  blow-pipe 
experiments,  we  use  invariably  a mixture  of  equal  parts  of  car- 
bonate of  soda  and  cyanide  of  potassium ; the  admixture  of 
carbonate  of  soda  is  intended  to  check  in  some  measure  the  ex- 
cessive fusibility  of  the  cyanide  of  potassium.  This  mixture  of 
cyanide  of  potassium,  with  carbonate  of  soda,  besides  being  a far 
more  powerful  reducing  agent  than  the  simple  carbonate  of  soda, 
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has  moreover  this  great  advantage  over  the  latter,  that  it  is  im- 
bibed by  the  pores  of  the  charcoal  with  extreme  facility,  and 
permits  thus  the  production  of  the  metallic  globules  in  a state  of 
the  greatest  purity. 

§ 82. 

BIBORATE  OF  SODA.  (BORAX.)  (Na  O,  2 B 03.) 

The  purity  of  commercial  borax  may  be  tested  by  dissolving 
it,  and  adding  to  the  solution  either  carbonate  of  potass  or  solu- 
tion of  nitrate  of  barytes  or  of  nitrate  of  silver ; the  addition  of 
either  of  the  two  latter  reagents  is  to  be  preceded  by  that  of 
nitric  acid.  The  borax  may  be  considered  pure  if  these  reagents 
fail  to  produce  any  alteration  in  the  solution  ; but  if  either  of 
them  cause  the  formation  of  a precipitate,  or  render  the  fluid 
turbid,  the  borax  will  require  recrystallization.  The  pure  crys- 
tallized borax  is  exposed  to  a gentle  heat,  in  a platinum  crucible, 
until  it  ceases  to  swell ; it  is  subsequently  levigated  when  cool, 
and  the  powder  is  kept  for  use. 

Uses. — Boracic  acid  manifests  a great  affinity  for  oxides,  when 
brought  into  contact  with  them,  in  a state  of  fusion.  This  affinity 
enables  the  boracic  acid,  in  the  first  place,  to  combine  directly 
with  oxides ; 2.  to  expel  weaker  acids  from  their  salts ; and  3, 
to  predispose  metals,  sulphur,  &c.,  and  haloid  compounds  to 
oxidize  in  the  outer  flame  of  the  blow-pipe,  in  order  to  combine 
subsequently  with  the  oxides.  Most  of  the  thus  produced  borates 
fuse  readily,  even  without  the  aid  of  a flux,  but  far  more  so  in 
conjunction  with  borate  of  soda;  the  latter  salt  acts  in  this  ope- 
ration either  as  a mere  flux,  or  its  action  results  in  the  forma- 
tion of  double  salts. — Now,  in  the  biborate  of  soda,  we  have  both 
free  boracic  acid  and  borate  of  soda  ; the  union  of  these  two 
substances  renders  borax  one  of  our  most  important  blow*  pipe 
reagents.  In  the  process  of  fluxing  with  borax,  we  usually  select 
platinum  wire  for  a support ; the  loop  of  the  wire  is  ignited, 
dipped  into  the  borax  powder,  and  subsequently  exposed  to  the 
outer  flame  ; a colorless  button  of  fused  borax  is  thus  produced. 
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A small  portion  of  the  substance  under  examination  is  then 
attached  to  the  borax  button,  hv  bringing  the  bitter  into  contact 
with  it,  either  whilst  still  hot,  or  having  previously  moistened 
it.  The  button  with  the  sample  of  the  substance  intended  for 
analysis  thus  adhering  to  it  is  now  again  exposed,  first  to  the 
flame  of  a spirit-lamp,  and  finally  to  the  blow-pipe  flame,  and 
the  phenomena  to  the  manifestation  of  which  this  process  gives 
rise,  are  carefully  observed  and  examined.  The  following  points 
ought  to  be  more  particularly  watched  : 1.  Whether  the  sample 
under  examination  dissolves  tranparent  or  not,  and  whether  it 
retains  this  transparency  on  cooling,  or  not ; 2.  whether  the 
button  exhibits  a distinct  and  definite  color:  since  this,  in  many 
instances,  at  once  clearly  indicates  the  individual  metal  which 
the  analysed  compound  contains  ; such  is  the  case,  for  instance, 
with  cobalt;  and  3.  whether  the  button  manifests  the  same  or  a 
different  deportment  in  the  outer  and  inner  flame.  Phenomena 
of  the  latter  kind  arise  from  the  ensuing  reduction  of  higher 
oxides  to  lower  oxides,  or  even  to  the  metallic  state,  and  are  for 
some  substances  particularly  characteristic. 

§ 83. 

5.  PHOSPHATE  OF  SODA  AND  AMMONIA.  (MICROCOSMIC  SALT.) 

(P05,  NaO,  NH40,  HO.) 

Preparation. — Dissolve  six  parts  of  phosphate  of  soda  and 
one  part  of  pure  sal  ammoniac  in  two  parts  of  hot  water,  and 
allow  the  solution  to  cool.  Free  the  thus  produced  crystals  of 
the  double  phosphate  of  soda  and  ammonia  by  recrystallization 
from  the  chloride  of  sodium  which  adheres  to  them.  Dry  the 
purified  crystals,  levigate  them,  and  keep  the  powder  for  use. 

Uses. — When  phosphate  of  soda  and  ammonia  is  subjected 
to  the  action  of  heat,  the  ammonia  escapes  in  conjunction  with 
the  water  of  crystallization,  and  a compound  of  similar  com- 
position to  borax  remains,  viz.,  a compound  which  contains 
both  a free  acid  and  a readily  fusible  salt  The  action  of  mi- 
crocosmic  salt  is  therefore  quite  analogous  to  that  of  bibo- 
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rate  of  soda.  We  prefer  it,  however,  in  many  cases  to  borax,  as 
a solvent  or  flux,  the  buttons  which  it  forms  with  many  sub- 
stances being  more  beautifully  and  distinctly  colored  than  those 
of  borax.  Platinum  wire  is  also  used  for  a support  in  the 
process  of  fluxing  with  microcosmic  salt ; the  loop  of  the  wire 
must  be  made  small  and  narrow,  otherwise  the  pearl  will  not 
stick  to  it.  The  operation  is  conducted  as  directed  in  the  pre- 
ceding paragraph. 

§ 84. 

PROTONITRATE  OF  COBALT.  (Co  O,  N Or) 

Preparation . — An  intimate  mixture  of  two  parts  of  very  finely 
levigated  cobalt  ore,  four  parts  of  nitrate  of  potass,  one  part  of 
effloresced  carbonate  of  soda,  and  one  part  of  dry  carbonate  of 
potass,  is  gradually  projected  into  a red-hot  crucible  ; the  latter 
is  afterwards  left  exposed  to  the  strongest  possible  heat,  until  the 
mass  is  in  an  advanced  state  of  fusion.  The  fused  mass  is  subse- 
quently allowed  to  cool,  and  aftenvards  levigated,  and  the  powder 
boiled  with  water ; the  impure  peroxide  of  cobalt  thus  produced  is 
thoroughly  washed,  and  subsequently  digested  and  heated  with  hy- 
drochloric acid  until  dissolved.  The  solution,  which  is  of  a dark 
green  color,  and  generally  gelatinous,  owung  to  the  separation  of 
silicic  acid — is  evaporated  to  dryness,  the  residue  boiled  with 
wrater  and  hydrochloric  acid,  filtered,  and  carbonate  of  ammonia 
added  to  the  filtrate, — (which  is  kept  boiling  all  the  while), — 
until  all  acid  reaction  ceases.  The  filtrate  is  then  precipitated 
by  means  of  carbonate  of  potass ; the  precipitate  produced  is 
washed,  and  subsequently  dissolved  in  nitric  acid.  The  solution 
is  evaporated  to  dryness,  at  a gentle  heat,  and  one  part  of  the 
residue  dissolved  in  ten  parts  of  water,  for  use.  Since  cobalt  ore 
contains  almost  invariablv  an  admixture  of  nickel,  the  solution 
of  protonitrate  of  cobalt  produced  in  this  manner,  is  not  quite 
free  from  contamination  with  the  latter  metal.  This  contamina- 
tion, however,  does  not  impair  its  fitness  as  a reagent. 

Uses. — The  protoxide  of  cobalt,  when  ignited  with  certain 
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infusible  substances,  forms  with  the  latter  peculiarly-colored 
compounds,  and  may  therefore  serve  for  the  detection  of  those 
substances.  The  process  of  ignition  is  conducted  in  the  follow- 
ing manner.  A sample  of  the  finely-levigated  substance  under 
examination  is  ignited  on  a charcoal  support,  a small  drop  of 
solution  of  protonitrate  of  cobalt  added,  and  the  substance  again 
ignited.  In  this  process,  oxide  of  zinc  acquires  an  intensely 
green  color,  alumina  a blue,  and  magnesia  a faint  rosy  tint. 
The  rosy  tint  of  magnesia  is  of  so  little  intensity  that  beginners 
frequently  overlook  this  reaction.  Silica  likewise  acquires  a faint 
blue  tint  when  ignited  after  previous  moistening  with  solution 
of  protonitrate  of  cobalt ; this  ought  to  be  borne  in  mind  when 
testing  for  alumina.  The  blue  color  of  the  alumina  compound 
is,  however,  far  more  beautiful  and  intense  than  that  of  the  silica 
compound. 


SECTION  III. 

ON  THE  DEPORTMENT  OF  THE  VARIOUS  SUB- 
STANCES WITH  REAGENTS. 

§ 85. 

I stated  in  my  introductory  remarks  that  the  operations  and 
experiments  of  qualitative  analysis  have  for  their  object  the 
conversion  of  the  unknown  constituents  of  any  given  compound 
into  forms  of  which  we  know  the  deportment,  relations,  and  pro- 
perties, and  which  will  accordingly  permit  us  to  draw  correct 
inferences  regarding  the  individual  constituents  of  which  the 
analysed  compound  consists.  The  greater  or  less  value  of  such 
analytical  experiments,  like  that  of  all  other  inquiries  and  inves- 
tigations, depends  entirely  upon  the  greater  or  less  degree  of 
certainty  with  which  they  lead  to  definite  results,  no  matter 
whether  of  a positive  or  negative  nature.  But  as  a question  does 


§ 85.] 


VARIOUS  SUBSTANCES  WITH  REAGENTS 


83 


not  render  us  a whit  the  wiser  if  we  do  not  understand  the  lan- 
guage in  which  the  answer  is  returned,  so,  in  like  manner,  will 
analytical  investigations  prove  unavailing  if  we  do  not  under- 
stand the  mode  of  expression  in  which  the  desired  information 
is  conveyed  to  us  ; in  other  words,  if  we  do  not  know  how  to 
interpret  the  phenomena  produced  by  the  action  of  our  reagents 
upon  the  examined  substance. 

Before  therefore  we  can  proceed  to  enter  upon  the  practical 
investigations  of  analytical  chemistry,  it  is  indispensable  that 
we  should  really  possess  the  most  perfect  knowledge  of  the 
deportment,  relations,  and  properties  of  the  new  forms  into 
wdiich  we  intend  to  convert  the  substances  which  we  wish  to 
analyse.  Now,  this  perfect  knowledge  consists,  in  the  first  place, 
in  a clear  conception  and  comprehension  of  the  conditions  ne- 
cessary for  the  formation  of  the  new  compounds,  and  for  the 
manifestation  of  the  various  reactions  in  general ; and,  in  the 
second  place,  in  a distinct  impression  of  the  color,  form,  and 
physical  properties  which  characterize  the  new  compound.  This 
section  of  the  work  demands,  therefore,  not  simply  the  most 
careful  and  attentive  study,  but  requires,  moreover,  that  the  stu- 
dent should  examine  and  verify , by  actual  experiment,  every 
fact  asserted  in  it.  The  method  usually  adopted  in  elementary 
works  on  chemistry  is,  to  treat  of  the  various  substances  and 
their  behaviour  with  reagents  individually  and  separately,  and  to 
point  out  their  characteristic  reactions.  I have,  however,  in  the 
present  work,  deemed  it  more  judicious  and  better  adapted  to  its 
elementary  character,  to  arrange  those  substances  which  are  in 
many  respects  analogous,  into  groups,  and  thus,  by  confronting 
their  analogies  with  their  differences,  to  place  the  latter  in  the 
clearest  possible  light. 
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A. — Deportment  and  properties  of  the  metallic  oxides. 

§ 80. 

First  Group. 
potass,  soda,  ammonia. 

Properties  of  the  group. — The  alkalies  are  readily  soluble  in 
water  in  their  pure,  or  caustic  state,  and  likewise  as  sulpliurets 
and  carbonates.  They  do  not,  therefore,  precipitate  one  another, 
either  in  their  pure  states  or  as  carbonates,  nor  are  they  pre- 
cipitated by  sulphuretted  hydrogen  under  any  condition  what- 
ever. The  solutions  of  the  pure  alkalies,  as  well  as  of  their 
sulpliurets  and  carbonates,  restore  the  blue  color  of  reddened 
litmus  paper,  and  impart  an  intensely  brown  tint  to  turmeric 
paper. 

Special  reactions, 
a.  potass.  (K  0.) 

1.  The  heat  of  a spirit-lamp  fails  to  volatilize  potass,  its  hydrate 
and  salts.  Potass  and  its  hydrate  deliquesce  in  the  air ; the 
oily  liquids  which  they  form  upon  their  deliquescence  do  not 
solidify  by  absorption  of  carbonic  acid. 

2.  Nearly  the  whole  of  the  salts  of  potass  are  readily  soluble 
in  water.  They  are  colorless,  provided  the  constituent  acid  be 
so.  The  neutral  salts  of  potass  with  strong  acids  do  not  alter 
vegetable  colors.  Carbonate  of  potass  crystallizes  with  difficulty, 
and  deliquesces  in  the  air.  Sulphate  of  potass  is  anhydrous,  and 
suffers  no  alteration  in  the  air. 

3.  Bichloride  of  platinum  produces  in  the  neutral  and  acid 
solutions  of  the  salts  of  potass  a yellow  crystalline  heavy  preci- 
pitate of  CHLORIDE  OF  PLATINUM  AND  POTASSIUM. 

(K  C1  + PC12.) 

In  concentrated  solution,  this  precipitate  separates  immediately 
upon  the  addition  of  the  reagent,  whilst,  in  dilute  solutions,  its 
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formation  ensues  only  after  some  time.  Tlie  presence  of  free 
hydrochloric  acid  promotes  the  formation  of  this  precipitate.  It 
is  difficultly  soluble  in  water,  and  wholly  insoluble  in  alchol. 
Bichloride  of  platinum  is,  therefore,  a particularly  delicate  test 
for  salts  of  potass.  The  best  method  of  applying  this  test  is,  to 
evaporate  the  aqueous  solution  of  the  potass  salt,  in  conjunction 
with  bichloride  of  platinum,  nearly  to  dryness  in  the  water-bath, 
and  to  treat  the  residue  subsequently  with  alcohol,  when  the 
potassio-chloride  of  platinum  will  remain  undissolved.  Care  must 
be  taken  not  to  confound  this  double  salt  with  ammonio- chloride 
of  platinum,  which  greatly  resembles  it.  (Vide  § 86,  c.,  4.) 

4.  Tartaric  acid  produces  in  neutral  or  alkaline  solutions  of 
potass  salts  — (in  the  latter  case  the  reagent  is  to  be  added 
until  the  fluid  acquires  a strongly  acid  reaction)  — a white, 
quickly  subsiding,  granular  crystalline  precipitate  of  bitartrate 
of  POTASS. 

(KO,  T + HO,  T). 

In  concentrated  solutions,  this  precipitate  separates  immediately  ; 
in  dilute  solutions,  frequently  only  after  the  lapse  of  some  time. 
Violent  agitation  of  the  fluid  promotes  its  formation  considerably. 
Tree  alkalies  and  free  mineral  acids  dissolve  the  precipitate ; it 
is  difficultly  soluble  in  cold,  but  readily  soluble  in  hot  water. 
Acid  solutions  must  first  be  neutralized  with  pure  soda  or  car- 
bonate of  soda,  before  they  can  be  tested  for  potass  with  tartaric 
acid. 

5.  When  salts  of  potass  are  held,  by  means  of  a platinum  wire, 
in  the  apex  of  the  inner  blow-pipe  flame , the  outer  flame  acquires 
a violet  tint;  this  arises  from  reduction  of  the  potass  and 
subsequent  re- oxidation  of  the  reduced  potassium.  The  tint 
which  phosphate  and  borate  of  potass  imparts  to  the  outer  blow- 
pipe flame  is  scarcely  perceptible.  Presence  of  soda  obscures 
this  reaction  completely. 

6.  When  a salt  of  potass  is  heated  with  a small  quantity  of 
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water,  alcohol  added,  and  the  latter  ignited,  the  flame  appears 
violet.  The  presence  of  soda  obscures  this  reaction  likewise. 

b.  soda.  (Na  O.) 

1.  Soda,  its  hydrate,  and  salts,  present  in  general  the  same 
deportment  and  properties  as  potass  and  its  corresponding  com- 
pounds. The  oily  fluid  which  soda  forms  upon  its  deliquescence  in 
the  air  re  solidifies  speedily  by  absorption  of  carbonic  acid.  Car- 
bonate of  soda  crystallizes  readily ; the  crystals  effloresce  rapidly 
when  exposed  to  the  air.  The  same  applies  to  sulphate  of  soda. 

2.  Antimoniate  of  potass  produces  in  neutral  or  alkaline  solu- 
tions of  salts  of  soda  a white  crystalline  precipitate  of  anti- 
moniate of  SODA. 

(Na  0,  Sb  05.) 

In  concentrated  solutions,  this  precipitate  is  formed  immediately  ; 
but  from  dilute  solutions  it  separates  only  after  the  lapse  of  some 
time.  Violent  agitation  of  the  mixture  promotes  the  separation 
of  the  precipitate.  If  the  fluid,  after  the  addition  of  the  reagent, 
be  stirred  with  a glass  rod,  moving  the  latter  along  the  sides  of 
the  glass  containing  the  fluid,  the  lines  described  by  the  rod  will, 
even  in  very  dilute  solutions,  become  visible,  since  the  precipi- 
tate commences  to  form  at  those  parts  that  have  been  touched  by 
the  rod.  The  presence  of  salts  of  potass  with  neutral  reaction 
does  not  interfere  with  the  formation  of  the  precipitate.  Carbo- 
nate of  potass,  however,  prevents  its  separation  wholly  or  partially, 
according  to  the  greater  or  less  proportion  in  which  it  is  present. 
In  cases,  therefore,  where  the  solution  under  examination  contains 
carbonate  of  potass,  it  is  necessary  to  precede  the  application 
of  the  antimoniate  of  potass  by  the  addition  of  hydrochloric  or 
acetic  acid  until  the  reaction  of  the  solution  remains  only  feebly 
alkaline.  Acid  solutions  require  first  to  be  neutralized  with 
potass,  since  otherwise  the  reagent  would  suffer  decomposition, 
and  hydrated  antimonic  acid  or  biantimoniate  of  potass  be  preci- 
pitated from  it. 
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3.  Salts  of  soda,  when  exposed  in  a platinum  wire  to  the  inner 
blow-pipe  flame,  color  the  outer  flame  intensely  yellow,  owing 
to  reduction  of  the  soda  and  subsequent  reoxidation  of  the  reduced 
sodium.  This  reaction  remains  clearly  perceptible,  although  the 
soda  contain  a considerable  admixture  of  potass. 

4.  When  a salt  of  soda  is  heated  with  a small  quantity  of  water, 
alcohol  added,  and  the  latter  ignited,  the  flame  appears  strongly 
yellow.  The  presence  of  a salt  of  potass  does  not  impair  the 
distinctness  of  this  reaction. 

5.  Bichloride  of  platinum  produces  no  precipitate  in  solutions 
of  salts  of  soda  : tartaric  acid  only  when  they  are  highly  concen- 
trated. The  bitartrate  of  soda,  which,  in  such  cases,  crystal- 
lizes out  after  the  lapse  of  some  time,  appears  invariably  in  the 
shape  of  small  needles  and  columns,  and  not,  like  the  corre- 
sponding salt  of  potass,  in  the  form  of  a granular  crystalline 
precipitate. 

C.  AMMONIA.  (NH3.) 

1 . Pure  ammonia  is  gaseous  at  the  common  temperature ; but 
we  have  most  frequently  to  deal  with  it  in  its  aqueous  solution,  in 
which  it  may  be  at  once  detected  by  its  penetrating  odor.  It  is 
expelled  from  its  aqueous  solution  by  the  application  of  heat. 

2.  All  the  salts  of  ammonia  are  volatile  at  a high  temperature, 
either  with  or  without  decomposition.  Most  of  them  are  readily 
soluble  in  water.  These  solutions  are  colorless.  The  neutral 
compounds  of  ammonia  with  strong  acids  do  not  alter  vegetable 
colors, 

3.  When  salts  of  ammonia  are  triturated  with  hydrate  of  lime, — 
(but  with  the  addition  of  a few  drops  of  water,)-— or  are,  either  in 
solid  form  or  in  solution,  heated  with  potass  ley,  the  ammonia  is 
liberated  in  its  gaseous  state,  and  manifests  itself,  1,  by  its  cha- 
racteristic odor ; 2,  by  its  reaction  on  moistened  test-papers ; and 
3,  by  giving  rise  to  the  formation  of  white  fumes , when  any 
object  (e.  g.  a glass  rod)  moistened  with  hydrochloric  acid,  nitric 
acid,  acetic  acid,  or  any  of  the  volatile  acids,  is  brought  into  con- 
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tact  with  it.  These  fumes  arise  from  the  formation  of  solid 
ammoniacal  salts.  Hydrochloric  acid  is  the  most  delicate  test 
in  this  respect ; acetic  acid,  however,  admits  less  readily  of 
mistake. 

4.  Bichloride  of  platinum  manifests  the  same  deportment  with 
salts  of  ammonia  as  with  salts  of  potass;  the  yellow  precipitate  of 
CHLORIDE  OF  PLATINUM  AND  AMMONIUM  (N  HA  Cl  + Pt  Cla)  is, 
however,  of  a somewhat  lighter  color  than  potassio-chloride  of 
platinum. 

5.  Tartaric  acid  produces  in  solutions  of  salts  of  ammonia  a 
precipitate  of  bitartrate  of  ammonia,  (NH4  0,  T + H 0,  T.) 
This  precipitate  is  formed  in  the  same  manner,  and  under  the 
same  circumstances,  as  the  corresponding  salt  of  potass,  hut  is 
somewhat  more  readily  soluble  than  the  latter. 


Be  capitulation  and  remarks. — The  salts  of  potass  and  soda  are 
not  volatile  at  a common  red  heat,  whilst  the  salts  of  ammonia  vola- 
tilize readily  ; the  latter  may  therefore  he  easily  separated  from 
the  former  by  ignition. — The  expulsion  of  ammonia  from  its  com- 
pounds, by  potass  or  lime,  affords  the  surest  means  of  detecting 
the  presence  of  this  substance.  Salts  of  potass  can  he  detected 
positively,  only  after  the  removal  of  the  ammoniacal  salts  which 
may  be  present,  since  both  these  substances  manifest  the  same 
or  a similar  deportment  with  bichloride  of  platinum  and  tar- 
taric acid. — After  the  removal  of  the  ammonia,  the  potass  is 
clearly  and  positively  characterized  by  either  of  these  two  re- 
agents. The  most  simple  way  of  detecting  the  potass  in  the 
potassio-chloride  of  platinum  and  bitartrate  of  potass,  is  to  de- 
compose these  salts  by  ignition.  The  ignited  potassio-chloride  of 
platinum  yields  the  potass  in  the  form  of  chloride  of  potassium; 
the  ignited  bitartrate  yields  it  in  the  form  of  carbonate  of  potass. 
With  respect  to  soda,  antimoniate  of  potass  has  now  been  added 
to  the  hitherto  exceedingly  limited  means  of  positive  detection  of 
this  substance,  (such  as  the  form  of  the  crystals,  and  the  general 
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deportment  and  properties  of  some  of  its  salts,  and  the  yellow  tint 
which  its  salts  impart  to  the  blow-pipe  flame  and  to  the  flame  of 
alcohol.)  This  reagent,  however,  effects  the  desired  object  only 
when  applied  with  a careful  and  attentive  consideration  of  the 
attendant  circumstances.  The  most  indispensable  condition  of  its 
applicability  is,  that  besides  soda  or  potass,  no  other  bases  be 
present  in  the  solution,  since  the  salts  of  the  heavy  metallic 
oxides,  those  of  the  earths  and  alkaline  earths,  and  finally  those 
of  ammonia,  are  likewise  precipitated  by  antimoniate  of  potass. 

§ 87. 

SECOND  GROUP. 

BARYTES — STRONTIA — LIME MAGNESIA. 

Properties  of  the  group. — The  alkaline  earths  are  soluble  in 
water  in  their  pure  (caustic)  state,  and  as  sulphurets.  (Mag- 
nesia, however,  dissolves  but  very  sparingly  in  water.)  These 
solutions  manifest  alkaline  reaction ; magnesia  manifests  its 
alkaline  reaction  most  clearly  when  placed  upon  moistened  test- 
paper.  The  neutral  carbonates  and  phosphates  of  the  alka- 
line earths  are  insoluble  in  water. — The  solutions  of  the  salts  of 
the  alkaline  earths  are,  consequently,  precipitated  by  alkaline  car- 
bonates and  phosphates,  whilst  sulphuretted  hydrogen  fails  to 
precipitate  them  under  any  condition.  This  deportment  distin- 
guishes the  oxides  of  the  second  group  from  those  of  the  first. 
The  alkaline  earths  and  their  salts  are  non-volatile  and  colorless. 

Special  Reactions, 
a.  barytes.  (Ba  0.) 

1.  Caustic  barytes  is  pretty  readily  soluble  in  hot  water,  but 
rather  difficultly  soluble  in  cold  water ; it  dissolves  readily  in 
dilute  hydrochloric  or  nitric  acid.  Hydrate  of  barytes  does  not 
lose  its  water,  upon  ignition. 

2.  Most  of  the  salts  of  barytes  are  insoluble  in  water.  The 
soluble  salts  do  not  affect  vegetable  colors,  and  are  decomposed 
upon  ignition,  with  the  exception  of  chloride  of  barium.  The 
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insoluble  salts  dissolve  in  hydrochloric  acid,  with  the  exception  of 
sulphate  of  barytes. — Nitrate  of  barytes  and  chloride  of  barium 
are  insoluble  in  alcohol,  and  do  not  deliquesce  in  the  air. 

3.  Ammonia  produces  no  precipitate  in  the  solutions  of  salts  of 
barytes ; potass  (free  from  carbonic  acid)  only  in  highly  concen- 
trated solutions.  Water  redissolves  the  bulky  precipitate  of  crys- 
tals of  BARYTES  (13a  0,  H 0 + 9 aq.)  produced  by  potass. 

4.  Alkaline  carbonates  throw  down  from  solutions  of  barytes 
CARBONATE  of  barytes,  (Ba  O,  C 02,)  in  the  form  of  a white 
precipitate.  In  acid  solutions,  however,  complete  precipitation 
takes  place  only  upon  heating  the  fluid ; the  same  is  the  case  when 
carbonate  of  ammonia  is  used  as  the  precipitant.  The  presence  of 
salts  of  ammonia  does  not  interfere  with  the  formation  of  the 
precipitate. 

5.  Sulphuric  acid , and  all  the  soluble  sulphates,  produce,  even 
in  the  most  highly  dilute  solutions  of  barytes,  immediately,  a fine 
white  precipitate  of  sulphate  of  barytes,  (Ba  O,  S03,)  which 
is  insoluble  in  acids  and  alkalies. 

G.  II ydrojluo- silicic  acid  throws  down  from  solutions  of  barytes 
silicofluoride  of  barium,  (Ba  F1  + Si  Fl2,)  in  the  form  of  a 
colorless,  crystalline,  quickly  subsiding  precipitate.  In  dilute 
solutions  this  precipitate  is  formed  only  after  the  lapse  of  some 
time;  it  is  nearly  insoluble  in  hydrochloric  and  nitric  acid. 

7.  Phosphate  of  soda  produces  in  neutral  or  alkaline  solutions 
of  barytes,  a white  precipitate  of  phosphate  of  barytes,  (P  05, 
2 Ba  0,  H 0,)  which  is  soluble  in  free  acids.  Addition  of  am- 
monia does  not  increase  the  quantity  of  this  precipitate,  nor  does 
it  promote  its  formation. 

8.  Oxalic  acid  produces  only  in  concentrated  solutions  of 
barytes  a white  precipitate  of  oxalate  of  baryttes,  (Ba  O,  O,) 
which  is  soluble  in  acids.  Addition  of  ammonia  renders  this  re- 
action far  more  susceptible,  and  it  is  only  in  highly  dilute  solu- 
tions that  the  joint  action  of  oxalic  acid  and  ammonia  fails  to  pro- 
duce a precipitate. 

9.  Salts  of  barytes,  when  heated  with  diluted  spirit  of  wine, 
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impart  to  the  flame  of  the  latter  a yellowish  color,  not,  however, 
very  characteristic. 

b.  strontia.  (Sr  O.) 

1 . Strontia  and  its  hydrate,  and  salts,  manifest  nearly  the  same 
general  deportment  and  properties  as  barytes  and  its  correspond- 
ing compounds.— Hydrate  of  strontia  is  more  difficultly  soluble  in 
water  than  hydrate  of  barytes. — Chloride  of  strontium  dissolves 
in  absolute  alcohol,  nitrate  of  strontia  is  soluble  in  dilute  alcohol; 
neither  of  the  two  latter  compounds  deliquesce  in  the  air. 

2.  The  salts  of  strontia  manifest  with  ammonia  and  potass , as 
well  as  with  the  alkaline  carbonates  and  with  phosphate  of  soda, 
the  same  deportment  as  the  salts  of  barytes. 

3.  Sulphuric  acid  and  sulphates  precipitate  from  solutions  of 
strontia,  sulphate  of  strontia,  (Sr  0,  S 03,)  in  the  form  of  a 
white  powder,  which  is  insoluble  in  acids  and  alkalies.  Sulphate 
of  strontia  is  far  more  soluble  in  water  than  sulphate  of  barytes  ; 
owing  to  this  solubility,  the  precipitated  sulphate  of  strontia  sepa- 
rates from  rather  dilute  solutions  in  general  only  after  the  lapse  of 
some  time ; and  this  is  invariably  the  case  (even  in  concentrated 
solutions)  if  solution  of  gypsum  is  used  as  the  precipitant. 

4.  Hy dr ojluo- silicic  acid  fails  to  produce  any  precipitate,  even 
in  concentrated  solutions  of  strontia. 

5.  Oxalic  acid  precipitates  even  from  tolerably  dilute  solutions  ; 
after  the  lapse  of  some  time,  oxalate  of  strontia,  (Sr  O,  G,)  in 
the  form  of  a white  powder.  Addition  of  ammonia  promotes  the 
formation  of  the  precipitate  greatly,  and  increases  its  quantity 
considerably. 

6.  If  salts  of  strontia,  which  are  soluble  in  water  or  alcohol,  be 
heated  with  dilute  alcohol,  and  the  latter  be  subsequently  ignited, 
the  flame  will  appear  of  an  intense  carmine  red  color,  more  par- 
ticularly upon  stirring  the  alcoholic  mixture.  This  color  must 
not  be  confounded  with  that  which  salts  of  lime  impart  to  the 
flame  of  alcohol. 
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c.  lime.  (Ca  O.) 

1.  Lime  and  its  hydrate  and  salts  present,  in  their  general 
deportment  and  properties,  a great  similarity  with  barytes  and 
strontia  and  their  corresponding  compounds.  Hydrate  of  lime  is 
far  more  difficultly  soluble  in  water  than  the  hydrates  of  barytes 
and  strontia;  it  dissolves,  moreover,  more  sparingly  in  hot  than 
in  cold  water.  Hydrate  of  lime  loses  its  water  upon  ignition. 
Chloride  of  calcium  and  nitrate  of  lime  are  soluble  in  absolute 
alcohol,  and  deliquescent  in  the  air. 

2.  Ammonia , potass,  alkaline  carbonates,  and  phosphate  of 
soda,  present  the  same  deportment  with  salts  of  lime  as  with  salts 
of  barytes. 

3.  Sulphuric  acid  and  sulphate  of  soda  produce  immediately 
in  highly-concentrated  solutions  of  lime  white  precipitates  of 
sulphate  of  lime,  (Ca  0,  S 03,)  which  redissolve  completely 
in  a large  amount  of  water,  and  are  far  more  soluble  still  in  acids. 
In  less  concentrated  solutions  the  precipitates  are  formed  only 
after  the  lapse  of  some  time ; and  no  precipitation  whatever  takes 
place  in  highly  dilute  solutions.  Solution  of  gypsum,  of  course, 
cannot  produce  a precipitate  in  solutions  of  lime  ; but  even  a cold 
saturated  solution  of  sulphate  of  potash,  mixed  with  an  equal 
amount  of  water,  fail  to  produce  a precipitate  in  these  solutions, 
at  least  immediately.  In  solutions  of  lime,  which  are  so  highly 
dilute  that  sulphuric  acid  fails  to  precipitate  them,  a precipitate 
will  immediately  form  upon  the  addition  of  alcohol,  in  conjunction 
with  the  sulphuric  acid. 

4.  Hy dr ojluo- silicic  acid  does  not  precipitate  salts  of  lime. 

5.  Oxalic  acid  produces  a white  precipitate  of  oxalate  of 
lime,  (Ca  0,  0,)  even  in  highly  dilute  neutral  solutions  of  lime. 
Addition  of  ammonia  promotes  the  formation  of  this  precipitate, 
and  increases  its  quantity.  Oxalate  of  lime  is  readily  soluble  in 
hydrochloric  acid  and  nitric  acid,  hut  not  perceptibly  so  in  acetic 
acid,  nor  in  oxalic  acid. 

6.  Soluble  salts  of  lime,  when  heated  with  dilute  alcohol, 
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impart  to  the  flame  of  the  latter  a yellowish  red  color,  which  is 
often  confounded  with  that  communicated  to  the  flame  of  alcohol 
by  salts  of  strontia. 

(1.  MAGNESIA.  (Mg  0.) 

1.  Magnesia  and  its  hydrate  are  white  powTders  of  far  greater 
hulk  than  barytes,  strontia  and  lime,  and  their  hydrates.  Mag- 
nesia and  hydrate  of  magnesia  are  nearly  insoluble  both  in 
cold  and  hot  water.  Hydrate  of  magnesia  loses  its  water  upon 
ignition. 

2.  Some  of  the  salts  of  magnesia  are  soluble  in  water,  the  rest 
are  insoluble.  The  soluble  salts  of  magnesia  have  a nauseous, 
bitter  taste  ; they  do  not  alter  vegetable  colors,  when  in  a neutral 
state  ; with  the  exception  of  sulphate  of  magnesia,  they  undergo 
decomposition,  when  ignited,  and  the  greater  part  of  them  even 
upon  simple  evaporation  of  their  solutions.  All  the  salts  of  mag- 
nesia which  are  insoluble  in  water,  dissolve  readily  in  hydrochloric 
acid. 

3.  Ammonia  throws  down  from  the  solutions  of  neutral  salts  of 
magnesia,  a part  of  the  magnesia  as  hydrate,  (Mg  O,  H 0,)  in 
the  form  of  a white  bulky  precipitate.  The  rest  of  the  magnesia 
remains  in  solution  as  a double  salt,  viz.  in  combination  wTith  the 
ammoniacal  salt  which  forms  upon  the  decomposition  of  the  salts 
of  magnesia;  these  double  salts  of  ammonia  and  magnesia  are  not 
decomposable  by  ammonia.  It  is  owing  to  this  tendency  of  salts 
of  magnesia  to  form  such  double  salts  with  ammoniacal  com- 
pounds, that  ammonia  fails  to  precipitate  salts  of  magnesia  in 
presence  of  ammoniacal  salts,  or,  what  comes  to  the  same  point, 
that  ammonia  produces  no  precipitate  in  acid  solutions  of  mag- 
nesia ; and  that  precipitates  produced  by  ammonia  in  neutral  solu- 
tions of  magnesia,  are  re-dissolved  upon  the  addition  of  an  am- 
moniacal salt. 

4.  Potass  and  caustic  barytes  precipitate  from  solutions  of 
magnesia,  hydrate  of  magnesia.  The  separation  of  this  preci- 
pitate is  greatly  promoted  by  boiling  the  mixture.  Salts  of  am- 
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monia  re-dissolve  the  precipitated  hydrate  of  magnesia,  and  pre- 
vent its  precipitation  altogether  when  added  in  sufficient  quantity 
to  the  magnesia  solution,  previously  to  the  addition  of  the  preci- 
pitant. If  the  solution  he  subsequently  boiled,  however,  with  an 
excess  of  potass,  the  precipitate  will  of  course  make  its  appear- 
ance, since  this  process  causes  the  decomposition  of  the  ammo- 
niacal  salt  and  subsequent  expulsion  of  the  ammonia,  removing 
thus  the  agent  which  retained  the  hydrate  of  magnesia  in  solu- 
tion. 

5.  Carbonate  of  potass  produces  in  neutral  solutions  of  mag- 
nesia a white  precipitate  of  basic  carbonate  of  magnesia. 

3 (Mg  0,  C 02  + aq)  +Mg  O,  H 0. 

One  fourth  of  the  carbonic  acid  of  the  carbonate  of  potass  is 
liberated  upon  the  decomposition  of  this  salt,  and  combines  with  a 
portion  of  the  new-formed  carbonate  of  magnesia  to  bicarbonate 
which  remains  in  solution.  This  carbonic  acid  escapes  upon  ebulli- 
tion; the  application  of  heat  will  therefore  promote  the  separation, 
and  increase  the  quantity  of  the  precipitate.  Salts  of  ammonia 
prevent  this  precipitation,  and  redissolve  precipitates  already 
formed. 

G.  Carbonate  of  ammonia  fails  to  precipitate  solutions  of 
magnesia  in  the  cold,  and  precipitates  them  but  imperfectly  upon 
ebullition.  The  presence  of  salts  of  ammonia  prevents  the  for- 
mation of  a precipitate  altogether. 

7.  Phosphate  of  soda  precipitates  from  not  too  highly  dilute 
solutions  of  magnesia,  phosphate  of  magnesia, 

(P  05,  2 Mg  0,  H 0) 

as  a white  powder.  The  separation  of  the  precipitate  is  greatly  pro- 
moted by  ebullition.  But  if  ammonia  be  added  to  the  solution 
of  magnesia,  no  matter  whether  before  or  after  the  addition  of  the 
phosphate  of  soda,  a white  crystalline  precipitate  of  basic  phos- 
phate OF  MAGNESIA  AND  AMMONIA 

(P05,  2 Mg  O,  NH4  0) 

will  separate,  even  though  the  solution  be  highly  dilute,  in  the 
latter  case  the  separation  may  be  greatly  promoted  and  accelerated 
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by  vigorous  stirring  with  a glass  rod  ; even  should  the  solution 
be  so  extremely  dilute  as  to  forbid  the  formation  of  a precipitate  ; 
yet  the  lines  of  direction,  in  which  the  glass  rod  has  moved  along 
the  sides  of  the  vessel,  will  after  the  lapse  of  some  time  appear 
distinctly  as  white  streaks.  Chloride  of  ammonium  and  salts  of 
ammonia  in  general,  fail  to  dissolve  the  basic  phosphate  of  mag- 
nesia and  ammonia,  but  this  double  salt  is  soluble  in  free  acids, 
even  in  acetic  acid. 

8.  Oxalate  of  ammonia  (but  not  free  oxalic  acid)  produces  a 
white  precipitate  of  oxalate  of  magnesia. 

(Mg  0,  6.) 

Salts  of  ammonia  prevent  its  formation. 

9.  Sulphuric  acid  and  hy dr ofluo silicic  acid  fail  to  precipitate 
salts  of  magnesia. 

10.  If  magnesia,  or  a salt  of  magnesia,  be  moistened  with 
solution  of  protonitrate  of  cobalt,  and  subsequently  exposed 
upon  a charcoal  support  to  the  continued  action  of  a strong 
blow-pipe  flame , a mass  will  be  produced  of  a faint  flesh  tint, 
which  becomes  distinct  only  upon  cooling,  but  is  never  very 
intense. 

He  capitulation  and  remarks . — The  difficult  solubility  of  the 
hydrate  of  magnesia,  the  ready  solubility  of  the  sulphate  of  mag- 
nesia, and  the  disposition  of  salts  of  magnesia  to  form  double 
salts  with  ammoniacal  compounds,  are  the  three  principal  points 
in  which  magnesia  differs  from  the  other  alkaline  earths.  We 
select  for  the  positive  detection  of  magnesia  invariably  the  reac- 
tion with  phosphate  of  soda,  applied  in  conjunction  with  ammo- 
nia. Should  barytes,  strontia,  or  lime  be  present,  these  earths 
are  to  be  removed  first,  before  proceeding  to  apply  the  special 
test  for  magnesia ; this  removal  may  be  effected  either  by  heating 
the  fluid  under  examination  with  carbonate  of  ammonia  in  con- 
junction with  sal  ammoniac,  or  by  heating  it  with  sulphate  of 
potass  and  oxalate  of  ammonia  in  conjunction  with  sal  ammoniac. 
The  detection  of  barytes  is  an  easy  task  under  any  circumstances, 
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since  the  precipitate  of  sulphate  of  barytes  which  separates  from 
barytes  solutions  immediately  upon  the  addition  of  solution  of 
gypsum,  and  the  reaction  of  barytes  with  liydrofluosilicic  acid 
are  indubitable  proofs  of  the  presence  of  this  earth.  Strontia 
may  likewise  readily  be  detected  by  its  deportment  with  solution 
of  gypsum,  provided,  of  course,  no  barytes  be  present.  Should 
barytes  be  present,  this  substance  is  to  he  removed  first  before 
proceeding  to  test  for  the  strontia.  The  separation  of  strontia 
from  barytes  is  best  effected  by  converting  both  earths  into  dry 
chlorides,  and  subsequently  digesting  the  latter  with  absolute 
alcohol,  when  the  chloride  of  strontium  will  dissolve,  whilst  the 
chloride  of  barium  will  remain  undissolved.  When  testing  for 
strontia  by  means  of  the  alcohol  flame,  the  operator  must  take 
care  not  to  confound  the  color  which  strontia  imparts  to  this 
flame  with  that  communicated  to  it  by  salts  of  lime.  — • For 
the  positive  detection  of  lime,  we  invariably  select  oxalic  acid 
first.  Before  applying  this  test,  however,  barytes  and  strontia 
are  to  be  removed,  since  the  deportment  which  these  substances 
manifest  with  oxalic  acid  is  analogous  to  that  presented  by  lime, 
differing  from  it  simply  in  intensity.  The  removal  of  barytes  and 
strontia  is  effected  by  means  of  sulphate  of  potash  ; it  may  happen 
in  this  process  that  a portion  of  the  lime  precipitates  in  con- 
junction with  the  barytes  and  strontia.  This  is,  however,  a 
matter  of  indifference,  since  there  remains  always  a sufficient 
amount  of  lime  in  solution  to  permit  the  positive  and  indubitable 
detection  of  this  substance  by  oxalic  acid.  The  best  way  of 
effecting  the  detection  of  the  alkaline  earths  in  this  phosphate  is 
to  decompose  the  latter  by  means  of  perchloride  of  iron  in  con- 
junction with  acetate  of  potass,  (vide  § 99,  a .,  8).  The  oxalates 
of  the  alkaline  earths  are  converted  into  carbonates  by  ignition 
preparatory  to  the  detection  of  the  individual  earths  which  they 
contain.  Sulphate  of  barytes  and  sulphate  of  strontia  are  fluxed 
with  alkaline  carbonates,  for  the  purpose  of  detecting  the  barytes 
and  strontia.  Compare  § 98,  5. 
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§ 88. 

Third  Group. 

ALUMINA.  OXIDE  OF  CHROMIUM. 

Properties  of  the  group. — Alumina  and  oxide  of  chromium  are 
insoluble  in  water,  both  in  their  pure  state  and  as  hydrates.  They 
form  no  neutral  salts  with  carbonic  acid.  Their  sulphurets  can- 
not be  produced  in  the  humid  way.  Sulphuretted  hydrogen, 
consequently,  fails  to  precipitate  solutions  of  alumina  and  of  oxide 
of  chromium ; hydrosulphuret  of  ammonia  precipitates  the  hy- 
drated oxides  from  these  solutions.  This  deportment  with  hydro- 
sulphuret of  ammonia  distinguishes  the  oxides  of  the  third,  from 
those  of  the  two  preceding  groups. 

Special  Reactions, 
a.  ALUMINA.  (Ala  03.) 

1.  Alumina  is  non-volatile  and  colorless;  the  hydrate  of 
alumina  is  also  colorless.  Alumina  dissolves  in  acids  slowly  and 
with  very  great  difficulty.  Hydrate  of  alumina  in  an  amorphous 
state  is  readily  soluble  in  acids ; hut  its  crystals  dissolve  with 
very  great  difficulty  in  these  menstrua.  After  previous  ignition,  in 
conjunction  with  alkalies,  alumina  is  readily  dissolved  by  acids. 

2.  The  salts  of  alumina  are  colorless,  and  most  of  them  are 
non-volatile ; some  of  them  are  soluble,  others  insoluble.  The 
soluble  salts  have  a sweetish  astringent  taste,  redden  litmus 
paper,  and  lose  their  acids,  upon  ignition.  The  insoluble  salts 
are  dissolved  by  hydrochloric  acid,  with  the  exception  of  some 
natural  compounds  of  alumina,  which  latter  may  be  rendered 
soluble  in  acids,  by  ignition  in  conjunction  with  carbonate  of 
soda. 

3.  Potass  throws  down  from  the  solutions  of  alumina  a bulky 
precipitate  of  hydrate  of  alumina, 

(Al2  03  3 H 0,) 

which  contains  an  admixture  of  potass,  and  generally  also  of  basic 
salt,  and  redissolves  readily  and  completely  in  an  excess  of  the 
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precipitant,  from  which  solution  it  will  precipitate  again  upon  addi- 
tion of  chloride  of  ammonium,  even  in  the  cold ; but  more  completely 
still  upon  heating  the  solution,  (compare  § 23.)  The  presence  of 
salts  of  ammonia  does  not  prevent  this  precipitation  by  potass. 

4.  Ammonia  also  produces  in  solutions  of  alumina  a precipitate 
of  hydrate  of  alumina,  containing  an  admixture  of  ammonia 
and  of  basic  salt ; and  this  precipitate  is  likewise  redissolved  by  a 
very  considerable  excess  of  the  precipitant  ; this  re-solution,  how- 
ever, ensues  only  with  more  or  less  considerable  difficulty,  accord- 
ing to  the  greater  or  less  amount  of  ammoniacal  salts  which  the 
solution  of  alumina  may  happen  to  contain  in  admixture- 

It  is  this  deportment  of  ammonia  and  ammoniacal  salts  with 
alumina,  which  accounts  for  the  complete  precipitation  of  hydrate 
of  alumina  from  potass  solution  by  an  excess  of  chloride  of  am- 
monium. 

5.  If  alumina,  or  a compound  of  alumina,  be  ignited  upon 
charcoal,  before  the  blow-pipe,  and  subsequently  moistened  with 
a few  drops  of  solution  of  protonitrate  of  cobalt , and  then 
again  strongly  ignited,  an  unfused  mass  will  be  produced  of  a 
deep  sky-blue  color,  which  consists  of  a compound  of  the 
two  oxides.  The  blue  color  becomes  distinct  only  upon  cooling. 
By  candle-light  it  appears  violet. 

b.  OXIDE  OF  CHROMIUM.  (Cr2  03.) 

1.  Oxide  of  chromium  is  a green,  its  hydrate  a bluish-grey- 
green  powder.  Oxide  of  chromium  occurs  in  two  modifications, 
of  which  the  one  is  dissolved  slowly  by  dilute  acids,  whilst  the 
other  is  altogether  insoluble  in  dilute  acids,  and  dissolves  but 
very  slowly  even  in  boiling  concentrated  sulphuric  acid.  The 
application  of  an  intense  heat  causes  the  conversion  of  the  soluble 
into  the  insoluble  modification ; this  transmutation  is  attended 
wfith  vivid  incandescence.  Hvdrated  oxide  of  chromium  is  readilv 

j j 

soluble  in  acids. 

2.  The  two  modifications  of  the  oxide  of  chromium  are 
found  in  its  salts.  The  salts  corresponding  to  the  insoluble 
modification  are  of  a bright  violet  color,  and  insoluble  in  water 
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mid  acids ; whilst  those  corresponding  to  the  soluble  modification 
are  green,  partly  soluble  and  partly  insoluble  in  water,  but,  with- 
out exception,  soluble  in  hydrochloric  acid. — Many  of  the  green 
salts  are  converted  into  the  insoluble  modification  by  the  action 
of  heat;  this  transmutation  being  attended  with  a change  of  color 
from  green  to  violet;  by  fluxing  in  conjunction  with  carbonate  of 
soda,  these  salts  are  re- converted  into  the  soluble  modification. — 
The  solutions  of  the  salts  of  oxide  of  chromium  exhibit  a highly 
characteristic,  blackish  green  color,  even  though  highly  dilute. 
The  solution  of  some  of  the  double  salts  of  oxide  of  chromium, 
such  as  sulphate  of  chromium  and  alumina,  oxalate  of  chromium 
and  potass,  &c.  &c.,  appear  of  a blackish  violet  color. — The 
soluble  salts  of  oxide  of  chromium  redden  litmus; — those  with 
volatile  acids  are  decomposed  upon  ignition. 

3.  Potass  produces  in  solutions  of  oxide  of  chromium 
a bluish-green  precipitate  of  hydrated  oxide  of  chromium, 
(Cr2  03.  5 HO,)  which  dissolves  readily  and  completely  in  an 
excess  of  the  precipitant,  imparting  an  emerald-green  tint  to  the 
fluid.  Upon  long-continued  ebullition  of  the  fluid,  the  whole  of 
the  hydrated  oxide  will  again  separate,  and  the  supernatant  fluid 
will  accordingly  appear  perfectly  colorless.  The  same  reprecipi- 
tation will  take  place  if  chloride  of  ammonium  be  added  to  the 
potass  solution,  and  the  mixture  subsequently  heated. 

4.  Ammonia  produces  in  solutions  of  oxide  of  chromium  the 
same  precipitate  of  hydrated  oxide  of  chromium  as  potass ; a 
small  portion  of  these  precipitates  redissolves  in  an  excess  of  the 
precipitant  in  the  cold,  imparting  to  the  fluid  a peach-blossom 
red  tint ; but  if,  after  the  addition  of  the  excess  of  ammonia,  heat 
be  applied  to  the  mixture,  the  whole  of  the  hydrated  oxide  of 
chromium  will  precipitate. 

5.  The  fusion  of  oxide  of  chromium  or  of  any  of  its  compounds 
with  a mixture  of  nitrate  of  potass  and  carbonate  of  soda , 
invariably  gives  rise  to  the  formation  of  an  alkaline  chromate, 
part  of  the  oxygen  of  the  nitric  acid  separating  from  the  nitrate  of 
potass,  and  converting  the  oxide  of  chromium  into  chromic  acid, 
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which  combines  subsequently  with  the  potass  of  the  decomposed 
nitre  and  with  the  soda  of  the  carbonate.  For  the  deportment  and 
properties  of  chromic  acid,  vide  § 07.  b. 

(h  Phosphate  of  soda  and  ammonia  dissolves  oxide  of  chro- 
mium and  its  salts  both  in  the  oxidizing  and  reducing  flame  of 
the  blow-pipe,  into  clear  buttons  of  a faint  yellow-green  tint 
which,  upon  cooling,  changes  to  emerald-green.  The  oxide 
of  chromium  and  its  salts  manifest  a similar  deportment  with 
borax . 


Recapitulation  and  remarks. — The  solubility  of  the  hydrates  of 
alumina  and  oxide  of  chromium  in  potass,  and  their  re-precipita- 
tion from  these  potass  solutions  by  chloride  of  ammonium,  enable 
us  to  effect,  in  the  first  place,  the  separation  of  alumina  and 
oxide  of  chromium  from  the  oxides  of  other  groups,  and,  in  the 
second  place,  the  individual  and  positive  detection  of  alumina, 
when  oxide  of  chromium  is  absent.  Should  the  latter  substance 
be  present — (which  will  either  appear  at  once  from  the  color  of 
the  solution,  or  may  be  readily  ascertained,  at  all  events,  from  the 
deportment  of  the  substance  under  examination  when  exposed  to 
the  blow-pipe  flame  in  conjunction  with  microcosmic  salt,) — it 
must  first  be  removed  before  the  operator  can  proceed  to  test  for 
alumina.  The  separation  of  oxide  of  chromium  from  alumina 
may  be  effected  completely,  by  fusing  the  mixed  oxides,  in 
conjunction  with  nitre.  The  precipitation  of  oxide  of  chromium, 
which  ensues  upon  long-continued  ebullition  of  the  solution  of  the 
oxide  in  potass,  is  generally  sufficiently  complete  and  accurate, 
but  in  some  cases  gives  rise  to  mistakes.  It  is,  moreover, 
finally  to  be  borne  in  mind,  that  alkalies  produce  no  precipitates 
in  the  solutions  of  alumina  and  oxide  of  chromium,  when  non- 
volatile organic  substances  are  present,  such  as  sugar,  tartaric 
acid,  &c.,  &c. 
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§ 89. 

Fourth  Group. 

OXIDE  OF  ZINC PROTOXIDE  OF  MANGANESE — PROTOXIDE  OF 

NICKEL — PROTOXIDE  OF  COBALT PROTOXIDE  OF  IRON-PER- 

OXIDE OF  IRON. 

Properties  of  the  group. — The  sulphurets  corresponding  with 
the  oxides  of  the  fourth  group  are  more  or  less  soluble  in  dilute 
acids,  but  insoluble  in  water,  alkalies,  and  alkaline  sulphurets. 
Sulphuretted  hydrogen  fails,  therefore,  altogether  to  produce  a pre- 
cipitate in  solutions  of  the  salts  of  these  oxides  when  these 
solutions  contain  free  acid  ; neutral  solutions  are  either 
not  at  all  or  but  imperfectly  precipitated  by  this  reagent ; but 
alkaline  solutions  are  completely  precipitated  by  sulphuretted  hy- 
drogen. From  neutral  solutions  of  the  salts  of  the  oxides  of  this 
group  the  corresponding  sulphurets  will  precipitate  if  an  alkaline 
sulphuret  be  substituted  for  sulphuretted  hydrogen. 

Special  Reactions, 
a.  oxide  of  zinc.  (Zn  O.) 

1.  The  oxide  of  zinc  and  its  hydrate  are  white  powders,  which 
dissolve  readily  in  hydrochloric  acid,  nitric  acid,  and  sulphuric 
acid.  The  oxide  of  zinc  acquires  a lemon-yellow  tint  when 
heated,  but  it  reassumes  its  original  white  color  upon  cooling. 

2.  The  compounds  of  oxide  of  zinc  are  colorless.  Its  soluble 
neutral  salts  redden  litmus  paper,  and  are  readily  decomposed  by 
heat,  with  the  exception  of  sulphate  of  zinc,  which  can  bear  a 
faint  red  heat,  without  undergoing  decomposition. 

3.  Sulphuretted  hydrogen  precipitates  from  neutral  solutions 
of  salts  of  zinc  a portion  of  this  metal  as  white  sulphuret  of 
zinc  (Zn  S.)  In  acid  solutions,  this  reagent  fails  altogether  to 
produce  a precipitate,  if  the  free  acid  present  is  one  of  the  stronger 
acids. 

4.  Hydrosulphuret  of  ammonia  throws  down  from  neutral 
as  sulphuretted  hydrogen  does  from  alkaline  solutions  of  salts 
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of  zinc,  the  whole  of  the  metal  as  sulphuret  of  zinc,  in  the 
form  of  a white  precipitate.  This  precipitate  is  not  redissolved 
hy  an  excess  of  hydrosulpliuret  of  ammonia,  nor  by  potass  or 
ammonia  : blit  it  dissolves  readily  in  hydrochloric  acid,  nitric 
acid,  and  dilute  sulphuric  acid. 

5.  Potass  and  ammonia  throw  down  from  solutions  of  salts  of 
zinc,  hydrated  oxide  of  zinc  (Zn  0,  H O)  in  the  form  of  a 
white  gelatinous  precipitate,  which  is  readily  and  completely 
redissolved  by  an  excess  of  the  precipitant. 

6 Carbonate  of  potass  produces  in  solutions  of  salts  of  zinc 
a precipitate  of  basic  carbonate  of  zinc 

(3  [Zn  O,  HO] + 2 [Zn  O,  CO,]) 
which  is  insoluble  in  an  excess  of  the  precipitant.  The  presence 
of  salts  of  ammonia  prevents  the  formation  of  this  precipitate, 
and  the  addition  of  such  salts  causes  the  re-solution  of  precipi- 
tates already  formed,  owing  to  the  ammoniacal  salts  combining 
with  the  oxide  of  zinc  to  soluble  double  salts  of  oxide  of  zinc 
and  ammonia. 

7.  Carbonate  of  ammonia  also  produces  in  solutions  of  salts 
of  zinc  a precipitate  of  basic  carbonate  of  zinc,  but  this  pre- 
cipitate redissolves  upon  further  addition  of  the  precipitant. 

8.  When  a mixture  of  oxide  of  zinc,  or  of  one  its  salts  with 
carbonate  of  soda  is  exposed  to  the  reducing  flame  of  the  blow- 
pipe, the  charcoal  support  becomes  covered  with  a slight  incrus- 
tation of  oxide  of  zinc,  which  presents  a yellow  color  while  hot, 
and  turns  white  upon  cooling.  This  incrustation  is  caused  by 
the  reduced  metallic  zinc  volatilizing  at  the  moment  of  its  reduc- 
tion, and  reoxidizing  in  passing  through  the  outer  flame. 

9.  If  oxide  of  zinc,  or  one  of  the  salts  of  zinc,  be  moistened 
with  solution  of  protonitrate  of  cobalt , and  subsequently  heated 
before  the  blow- pipe,  an  unfused  mass  will  be  obtained,  of  a 
beautiful  green  color ; this  mass  is  a compound  of  oxide  of  zinc 
with  protoxide  of  cobalt. 
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b.  PROTOXIDE  OF  MANGANESE.  (Mil  0.) 

1.  Protoxide  of  manganese  exhibits  a grey-greenish  color;  the 
hydrated  protoxide  is  white.  Both  the  protoxide  and  its  hy- 
drate are  peroxidized,  and  turn  brown,  when  exposed  to  the  air. 
They  are  readily  soluble  in  hydrochloric  acid,  nitric  acid,  and 
sulphuric  acid. 

2.  The  protosalts  of  manganese  are  colorless  or  of  a pale  red 
color ; some  of  them  are  soluble,  others  insoluble.  The  soluble 
salts,  with  the  exception  of  protosulphate,  are  readily  decomposed 
by  a red-heat.  The  solutions  of  the  soluble  protosalts  of  man- 
ganese do  not  alter  vegetable  colors. 

3.  Sulphuretted  hydrogen  fails  to  precipitate  acid  solutions 
of  protosalts  of  manganese ; neutral  solutions,  this  reagent 
precipitates  but  very  imperfectly . 

4.  Hydro  sulphur  et  of  ammonia  throws  down  from  neutral, 
as  sulphuretted  hydrogen  does  from  alkaline,  solutions  of  the 
protosalts  of  manganese,  the  whole  of  this  metal  as  sulphuret 
of  manganese  (Mn  S)  in  the  form  of  a bright  flesh-colored 
precipitate,  which  turns  dark-brown  upon  exposure  to  the  air  ; 
this  precipitate  is  insoluble  in  hydrosulphuret  of  ammonia  and  in 
alkalies,  but  readily  soluble  in  hydrochloric  acid  and  nitric  acid. 

5.  Potass  and  ammonia  produce  whitish  precipitates  of  hy- 
drated protoxide  of  manganese  (Mn  O,  H 0),  which,  upon 
exposure  to  the  air,  speedily  acquire  a brownish,  and,  finally,  a 
deep  blackish-brown  color,  owing  to  the  ensuing  conversion  of 
the  hydrated  protoxide  into  hydrated  peroxide,  by  the  absorption 
of  oxygen  from  the  air.  Ammonia  and  carbonate  of  ammonia 
do  not  redissolve  this  precipitate,  but  the  presence  of  sal  am- 
moniac prevents  the  precipitation  by  ammonia  altogether,  and 
that  by  potass  partly.  Solution  of  sal  ammoniac  redissolves 
only  those  parts  of  already  formed  precipitates  which  have  not 
yet  undergone  peroxidation.  The  solution  of  the  hydrated  pro- 
toxide of  manganese  in  sal  ammoniac  is  entirely  owing  to  the 
disposition  of  the  protosalts  of  manganese  to  form  double  salts 
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with  suits  of  ammonia.  Pellucid  solutions  of  double  salts  ol 
manganese  and  ammonia  turns  brown,  when  exposed  to  the  air, 
and  deposit  dark-brown  hydrated  peroxide  of  manganese. 

(Mna  03,  2 HO  ) 

6.  If  any  of  the  compounds  of  manganese  be  fused  in  con- 
junction with  carbonate  of  soda,  in  the  outer  flame  of  the  blow- 
pipe, upon  a platinum  wire,  manganate  of  soda 

(Na  0,  M11O3) 

will  be  formed,  which  will  make  the  fused  mass  appear  green 
while  hot,  and  of  a blue-green  tint  after  cooling,  the  button 
at  the  same  time  becoming  turbid.  This  reaction  enables  us  to 
detect  the  smallest  quantities  of  manganese.  The  delicacy  of 
the  test  may  be  still  further  increased  by  the  addition  of  a minute 
quantity  of  nitre  to  the  carbonate  of  soda. 

7.  Borax  and  phosphate  of  soda  and  ammonia  dissolve  man- 
ganese compounds,  in  the  outer  flame  of  the  blow  pipe,  into  clear 
violet-red  buttons,  which,  upon  cooling,  acquire  an  ametiiyst- 
RED  tint;  these  buttons  lose  their  color  m the  inner  flame,  owing 
to  an  ensuing  reduction  of  the  peroxide  to  protoxide.  The 
button  which  borax  forms  with  manganese,  appears  black  when 
containing  a considerable  proportion  of  peroxide  of  manganese, 
but  the  button  formed  by  phosphate  of  soda  and  ammonia  never 
loses  its  transparency.  The  latter  loses  its  color,  in  the  inner 
flame  of  the  blow-pipe,  far  more  readily  than  the  former. 

C.  FROTOXIDE  OF  NICKEL.  (Ni  0.) 

1.  Protoxide  of  nickel  is  a grey,  its  hydrate  a green  powder. 
Both  the  protoxide  and  its  hydrate  are  unalterable  in  the  air, 
and  readily  soluble  in  hydrochloric  acid,  nitric  acid,  and  sulphuric 
acid. 

2.  The  protosalts  of  nickel  are  in  their  anhydrous  state,  for 
the  most  part  yellow,  and  in  their  hydrated  state,  green ; their 
solutions  are  of  a light  green  color.  The  soluble  neutral  salts 
redden  litmus  paper,  and  are  decomposed  at  a red-heat. 

3.  Sulphuretted  hydropen  fails  to  precipitate  solutions  of  salts 
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of  nickel  containing  free  mineral  acid ; in  neutral  solutions  this 
reagent  precipitates  them  but  very  imperfectly . 

4.  Hydro  sulphur  et  of  ammonia  produces  in  neutral,  as  sul- 
phuretted hydrogen  does  in  alkaline,  solutions  of  protosalts  of 
nickel,  a black  precipitate  of  sulphuret  of  nickel,  (Ni  S,) 
which  is  not  altogether  insoluble  in  hydrosulpliuret  of  ammonia, 
containing  an  admixture  of  free  ammonia  or  of  pentasulphuret  of 
ammonium  ; it  is  owing  to  this  slight  solubility  of  the  sulphuret 
of  nickel  in  sulphuret  of  ammonium,  that  the  fluid  from  which 
it  has  been  thrown  down  exhibits,  in  most  cases,  a brownish 
color.  Sulphuret  of  nickel  dissolves  with  great  difficulty  in 
hydrochloric  acid,  but  readily  in  aqua  regia. 

5.  Potass  produces  a light  green  precipitate  of  hydrated 
protoxide  of  nickel,  (Ni  0,  HO,)  which  is  insoluble  in  potass, 
and  unalterable  in  the  air.  Carbonate  of  ammonia  redissolves 
this  precipitate  to  a greenish-blue  fluid,  from  which  potass  re- 
precipitates the  nickel,  as  a yellow-green  hydrated  protoxide  of 
nickel. 

6.  Ammonia  likewise  produces  a precipitate  of  hydrated 
protoxide  of  nickel  ; but  this  redissolves  readily  in  an  excess 
of  the  precipitant  as  a double  salt  of  protoxide  of  nickel  and 
ammonia,  the  solution  exhibiting  a blue  color.  Potass  reprecipi- 
tates hydrated  protoxide  of  nickel  from  this  solution.  Ammonia 
fails  to  produce  a precipitate  in  solutions  of  protosalts  of  nickel 
which  contain  ammoniacal  salts  or  free  acid. 

7.  Cyanide  of  potassium  produces  a yellowish- green  precipitate 
of  cyanide  of  nickel,  (Ni  Cy,)  which  redissolves  readily  in  an 
excess  of  the  precipitant  as  a double  cyanide  of  nickel  and  potas- 
sium, (Ni  Cy-fK  Cy).  The  solution  exhibits  a brownish  yellow 
color.  Upon  adding  sulphuric  acid  or  hydrochloric  acid  to  this 
solution,  the  cyanide  of  potassium  is  decomposed,  and  the  cyanide 
of  nickel  re-precipitated  ; the  latter  substance  is  very  difficultly 
soluble  in  an  excess  of  the  precipitant  acid,  in  the  cold,  but 
readily  so,  upon  boiling. 

8.  Borax  and  phosphate  of  soda  and  ammonia  dissolve  com- 
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pounds  of  protoxide  of  nickel,  in  the  outer  flame  of  the  blow- 
pipe, to  clear  buttons  of  a dark  yellow  color,  with  a shade  of  red- 
brown  ; upon  cooling,  these  buttons  grow  lighter,  and  finally 
almost  colorless.  Addition  of  nitre  or  carbonate  of  potass  changes 
the  color  to  blue  or  to  a dark  purple.  The  button  which  phos- 
phate of  soda  and  ammonia  forms  with  protosalts  of  nickel,  re- 
mains unaltered  in  the  inner  flame  of  the  blow  pipe,  but  that  of 
borax  turns  grey  and  turbid  from  reduced  metallic  nickel. 

d.  PROTOXIDE  OF  COBALT.  (Co  0.) 

1.  Protoxide  of  cobalt  is  a grey,  its  hydrate  a pale  red  powder. 
Both  the  protoxide  and  its  hydrate  dissolve  readily  in  hydrochloric 
acid,  nitric  acid,  and  sulphuric  acid. 

2.  The  protosalts  of  cobalt  are  blue  in  their  anhydrous,  and  of 
a characteristic  bright  red  tint  in  their  hydrated  state.  Their 
solutions  show  this  color  even  though  considerably  diluted.  The 
soluble  neutral  salts  redden  litmus  paper,  and  are  decomposed  at 
a red  heat 

3.  Sulphuretted  hydrogen  fails  to  precipitate  acid  solutions  of 
cobalt,  and  precipitates  neutral  solutions  at  the  most,  but  very  in- 
completely, when  they  contain  weak  acids ; the  precipitates  are  of 
a black  color. 

4.  Hy dr o sulphur et  of  ammonia  precipitates  from  neutral,  as 
sulphuretted  hydrogen  does  from  alkaline  solutions  of  protosalts  of 
cobalt,  the  whole  of  this  metal  as  black  sulpiiuret  of  cobalt. 
(Co  S ) This  substance  is  insoluble  in  alkalies  and  hydrosul- 
pliuret  of  ammonia,  difficultly  soluble  in  hydrochloric  acid,  but 
readily  soluble  in  aqua  regia. 

5.  Potass  produces  in  solutions  of  cobalt  blue  precipitates  of 
basic  salts  of  cobalt,  which  turn  green  upon  exposure  to  the  air, 
owing  to  the  absorption  of  oxygen,  and  are,  upon  boiling,  con- 
verted into  the  pale  red  hydrated  protoxide  of  cobalt,  which 
appears  generally  rather  discolored  from  an  admixture  of  peroxide 
which  is  formed  in  the  process.  These  precipitates  are  insoluble 
in  potass  ; but  neutral  carbonate  of  ammonia  dissolves  them  com- 
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pletely  to  intensely  violet- reel  fluids,  in  which  potass  produces 
none,  or,  at  the  most , hut  a very  scanty , precipitate. 

6.  Ammonia  produces  the  same  precipitate  as  potass,  but  this 
redissolves  in  an  excess  of  the  ammonia  to  a reddish-brown  fluid, 
in  which  potass  produces  none,  or,  at  the  most,  but  a very  scanty , 
precipitate.  Ammonia  fails  to  precipitate  solutions  of  protosalts 
of  cohalt  containing  ammoniacal  salts  or  free  acids. 

7.  The  addition  of  cyanide  of  potassium  to  a solution  of  cobalt 
acidified  with  some  hydrochloric  acid,  gives  rise  to  the  formation 
of  a brownish  white  precipitate  of  protocyanide  of  cobalt, 
(Co  Cy,)  which  dissolves  readily  as  a double  cyanide  of  cobalt 
and  potassium,  (Cy6  Co2  + 3 K=2  C Ky  + 3 K,)  when  heated 
with  an  excess  of  the  precipitant,  in  presence  of  free  hydrocyanic 
acid.  Acids  cause  no  precipitation  in  the  solutions  of  this  double 
salt. 

8.  Borax  dissolves  compounds  of  cobalt  both  in  the  inner  and 
outer  flame  of  the  blow-pipe,  into  clear  buttons  of  a magnificent 
blue  color,  which  verges  almost  upon  black,  when  the  cobalt  is 
present  in  considerable  proportion.  This  test  is  as  delicate  as  it 
is  characteristic.  Phosphate  of  soda  and  ammonia  manifests  with 
salts  of  cobalt,  before  the  blow-pipe,  an  analogous  but  less  intense 
reaction. 


e . protoxide  of  iron.  (Fe  0.) 

1.  Protoxide  of  iron  is  a black  powder  ; hydrated  protoxide  of 
iron  is  a white  powder,  which  in  a moist  state  absorbs  oxygen, 
and  turns  speedily  grey  green,  and  finally  brown  red ; both  the 
protoxide  and  its  hydrate  are  readily  soluble  in  hydrochloric  acid, 
sulphuric  acid,  and  nitric  acid. 

2.  The  protosalts  of  iron  have  a greenish  color ; their  solutions 
appear  colored  only  when  quite  concentrated.  When  exposed  to 
the  air,  they  absorb  oxygen,  and  become  converted  into  salts  of 
the  ferroso- ferric  oxide.  The  soluble  neutral  salts  redden  litmus 
paper,  and  are  decomposed  at  a red  heat. 

3.  Acid  solutions  are  not  precipitated  by  sulphuretted  hydroyen , 
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neutral  solutions,  with  weak  acids,  but  incompletely ; the  pre- 
cipitates are  of  a black  color. 

4.  H y dr o sulphur et  of  ammonia  precipitates  from  neutral,  as 
sulphuretted  hydrogen  does  from  alkaline  solutions  of  protosalts 
of  iron,  the  whole  of  this  metal  as  black  sulphuret  of  iron, 
(Fe  S,)  which  is  insoluble  in  alkalies  and  alkaline  sulphurcts,  but 
readily  soluble  in  hydrochloric  acid  and  nitric  acid. 

5.  Potass  and  ammonia  produce  a precipitate  of  hydrated 
protoxide  of  iron,  (Fe  0,  HO,)  which,  in  the  first  moment, 
looks  almost  white,  but  acquires,  after  a very  short  time,  a dirty 
green,  and  finally  a reddish-brown  color,  owing  to  absorption  of 
oxygen  from  the  air.  The  presence  of  salts  of  ammonia  pre- 
vents the  precipitation  by  potass  partly,  and  that  by  ammonia 
altogether.  If  the  alkaline  solution  of  protoxide  of  iron,  which  is 
thus  obtained  by  the  agency  of  ammoniacal  salts,  be  subsequently 
exposed  to  the  air,  hydrated  peroxide  of  iron  will  precipitate. 

6.  Ferrocyanide  of  potassium  produces  in  solutions  of  pro- 
toxide of  iron  a bluish-white  precipitate  of  ferrocyanide  of 
potassium  and  iron,  (2  Cfy  + K-f-3  Fe,)  which,  by  absorption 
of  oxygen  from  the  air,  speedily  acquires  a blue  color,  the  whole 
of  the  potassium,  and  one  equivalent  of  iron  of  every  three  equi- 
valents of  the  compound  being  oxidized,  so  as  to  leave  two  equi- 
valents of  Prussian  blue  (3  Cfy  + 2 Fe2)  behind.  Nitric  acid 
or  chlorine  effect  this  oxidation  immediately. 

7.  Ferricyanide  of  potassium  produces  a magnificently  blue- 
colored  precipitate  of  ferricyanide  of  iron,  (2  Cfy  + 3Fe.) 
This  precipitate  does  not  differ  in  color  from  Prussian  blue.  It  is 
insoluble  in  hydrochloric  acid,  but  is  readily  decomposed  by 
potass.  In  highly  dilute  solutions  of  protosalts  of  iron,  this  ferri- 
cyanide of  potassium  produces  simply  a deep  blue-green  colora- 
tion. 

8.  Sulpliocyanide  of  potassium  does  not  alter  solutions  of  pro- 
toxide of  iron,  free  from  admixture  of  peroxide. 

9.  Borax  dissolves  protosalts  of  iron  in  the  oxidizing  flame,  into 
dark  red  buttons,  the  color  of  which  changes  to  bottle  green  in 
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the  inner  flame,  owing  to  the  ensuing  reduction  of  the  new- 
formed  peroxide  to  magnetic-oxide.  Both  tints  disappear  totally, 
or  in  a great  measure,  upon  the  refrigeration  of  the  buttons. 
Phosphate  of  soda  and  ammonia  manifest  a similar  deportment 
with  the  protosalts  of  iron ; the  buttons  produced  by  the  latter  re- 
agent lose  their  color,  upon  cooling,  more  completely  still  than 
in  the  case  with  the  buttons  produced  by  borax. 

f PEROXIDE  OF  IRON.  (Fe2  03  ) 

1.  Peroxide  of  iron  is  a more  or  less  deep-colored  red-brown 
powder ; hydrated  peroxide  of  iron  has  a somewhat  lighter  color. 
Both  the  protoxide  and  its  hydrate  dissolve  in  hydrochloric  acid, 
nitric  acid,  and  sulphuric  acid ; the  hydrate  dissolves  readily  in 
these  acids,  but  the  oxide  dissolves  with  greater  difficulty,  espe- 
cially after  ignition. 

2.  The  persalts  of  iron  are  of  a more  or  less  reddish  yellow 
color.  Their  solutions  exhibit  this  color  even  though  highly 
diluted.  The  soluble  neutral  salts  redden  litmus  paper,  and  are 
decomposed  by  heat. 

3.  Sulphuretted  hydrogen,  when  added  to  a neutral  or  acid 
solution  of  a persalt  of  iron,  decomposes  with  the  latter ; the  hy- 
drogen reduces  the  persalt  of  iron  to  the  state  of  a protosalt,  by 
withdrawing  from  the  peroxide  of  iron  one -third  of  its  oxygen, 
with  which  it  forms  water ; part  of  the  sulphur  of  the  decomposed 
sulphuretted  hydrogen  separates  in  a highly-divided  state,  and 
imparts  a turbid  and  milky  appearance  to  the  fluid. 

4.  Hydro  sulphur  et  of  ammonia  precipitates  from  neutral,  as 
sulphuretted  hydrogen  does  from  alkaline  solutions  of  persalt  of 
iron,  the  whole  of  this  metal  as  black  sulphuret  of  iron,  (Fe  S.) 
This  precipitation  is  preceded  by  the  reduction  of  the  persalt  to  a 
protosalt.  In  very  dilute  solutions,  the  reagent  produces  only  a 
blackish-green  coloration.  The  minutely  divided  protosulphuret  of 
iron  subsides  in  such  cases  only  after  long  standing.  Sulphuret 
of  iron,  as  already  stated,  ( e . 4.),  is  insoluble  in  alkalies  and 
alkaline  sulphurets,  but  readily  soluble  in  hydrochloric  acid  and 
nitric  acid. 
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5.  Potass  and  ammonia  produce  bulky  reddish-brown  precipitates 
of  HYDRATED  peroxide  of  iron,  (Fea  03,  H 0,)  which  are  inso- 
luble in  an  excess  of  the  precipitant  as  well  as  in  salts  of  am- 
monia. 

6.  Ferrocyanide  of  potassium  produces,  even  in  highly  dilute 
solutions,  a magnificently  blue  precipitate  of  sesquifeiirocyanide 
of  iron,  (3  Cfy  + 2 Fe2,)  (Prussian  blue,)  which  is  insoluble  in 
hydrochloric  acid,  but  is  readily  decomposed  by  potass,  with  pre- 
cipitation of  peroxide  of  iron. 

7.  Ferricyanide  of  potassium  deepens  the  color  of  solutions  of 
persalts  of  iron  to  a ruddy  brown,  but  it  fails  to  produce  a preci- 
pitate. 

8.  S ' ulpliocyanide  of  potassium  imparts  to  neutral  or  acid  solu- 
tions of  persalts  of  iron  a most  intense  blood-red  color,  arising 
from  the  formation  of  a soluble  sulphocyanide  of  iron.  This 
test  is  the  most  delicate  of  all ; it  will  indicate  the  presence  of 
peroxide  of  iron  even  in  fluids  which  are  so  highly  dilute  that 
every  other  reagent  fails  to  produce  the  slightest  visible  alteration. 
The  red  coloration  may,  in  such  cases,  be  detected  most  distinctly, 
by  resting  the  test-tube  upon  a sheet  of  white  paper,  and  looking 
into  it  at  the  top. 

9.  The  persalts  of  iron  present  the  same  deportment  and  phe- 
nomena as  the  protosalts,  when  exposed  to  the  action  of  the  blow- 
pipe flame , vide  e.  9.  (protoxide  of  iron.) 

Recapitulation  and  remarks. — Of  the  metallic  oxides  belonging 
to  the  fourth  group,  oxide  of  zinc  alone  is  soluble  in  potass.  It 
is  this  property  which  distinguishes  oxide  of  zinc  from  the  other 
oxides  of  this  group,  and  connects  it  with  those  of  the  third 
group.  But  it  differs  from  alumina  and  oxide  of  chromium,  inas- 
much as  it  is  re-precipitated  from  solution  in  potass,  by  sulphu- 
retted hydrogen.  This  property  of  the  oxide  of  zinc  to  dissolve 
in  potass,  and  to  precipitate  from  this  solution  upon  the  addition 
of  sulphuretted  hydrogen,  affords  a safe  and  positive  means  of 
detecting  the  presence  of  this  oxide.  The  protoxides  of  manga- 
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nese,  nickel,  cobalt,  and  iron,  form  with  ammoipacal  compounds, 
soluble  double  salts,  from  which  free  ammonia  fails  to  precipitate 
the  metallic  oxides  : hut  peroxide  of  iron,  like  the  oxides  of  the 
third  group,  is  completely  precipitated  by  ammonia,  even  though 
salts  of  ammonia  be  present.  Hence  it  follows,  in  the  first  place, 
that  this  property  of  the  protoxides  enumerated  will  serve  to  effect 
the  separation  of  manganese,  nickel,  and  cohalt,  both  from  per- 
oxide of  iron  and  from  alumina  and  oxide  of  chromium ; — and, 
in  the  second  place,  that,  in  order  to  separate  these  metals  from 
protoxide  of  iron,  the  latter  substance  must  first  be  peroxidized, 
which  is  best  effected  by  boiling  its  solution  with  nitric  acid. 
Peroxide  of  iron  differs  from  alumina  and  oxide  of  chromium, 
inasmuch  as  it  is  insoluble  in  potass  ; and  the  peroxide  of  iron 
may  be  distinguished  from  the  protoxide,  by  means  of  ferrocyanide 
of  potassium. — The  hydrated  protoxides  of  nickel  and  cobalt  dis- 
solve in  carbonate  of  ammonia,  whilst  hydrated  protoxide  of  man- 
ganese is  insoluble  in  this  substance.  We  may,  therefore,  by 
means  of  this  solvent,  separate  the  protoxide  of  manganese  from 
the  two  other  oxides.  The  brown  tint  which  the  white  hydrated 
protoxide  of  manganese  assumes  when  exposed  to  the  air,  and  the 
blow-pipe  reactions,  and  more  particularly  that  with  carbonate  of 
soda,  are  the  most  positive  tests  for  protoxide  of  manganese. — 
Cyanide  of  nickel  and  cyanide  of  cobalt  are  both  soluble  in  cyanide 
of  potassium.  But  cyanide  of  nickel  is  re-precipitated  from  this 
solution  by  acids,  which  is  not  the  case  with  cyanide  of  cobalt,  if 
the  solution  contained  free  acid,  and  has  been  heated.  The 
formation  of  a precipitate  upon  the  addition  of  hydrochloric  acid 
to  a solution  of  these  two  cyanides  in  cyanide  of  potassium,  proves 
the  presence  of  nickel  most  positively  under  any  circumstances. 
Whether  this  precipitate  be  cyanide  of  nickel  or  cobalticyanide  of 
nickel,  is  quite  immaterial  as  far  as  the  detection  of  nickel  is  con- 
cerned : all  we  have  to  bear  in  mind  is  simply  this,  that  no  preci- 
pitate will  form  if  cobalt  alone  be  present  in  the  solution,  since  co- 
balticyanide of  potassium  is  not  decomposed  by  hydrochloric  acid. 
In  order  to  get  at  the  composition  of  the  various  precipitates 
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which  are  formed  by  hydrochloric  acid  in  solution  of  the  mixed 
cyanides  of  nickel  and  cohalt,  and  to  comprehend  the  general  pro- 
cess of  their  formation,  we  have  to  assume  and  consider  three 
special  and  distinct  cases,  differing  from  one  another  in  the  rela- 
tive proportions  of  nickel  and  cobalt,  which  the  solutions  under 
examination  respectively  contain. 


1,  Ni 

: Co  : : 

3 eq.  : 2 eq. 

2,  Ni 

: Co  : : 

3 eq.  : 2 eq.  + x 

3,  Ni 

: Co  : : 

3 eq.  + x : 2 eq. 

The  solution  will. 

in  the 

first  case,  contain  one  eq.  of 

eobalticyanide  of  potassium,  (Cy6  Co2  4-  3 K,)  and  3 eq.  of 
double  cyanide  of  nickel  and  potassium,  (Cy3  Ni3  4-  Cy3  K3)  ; 
now,  upon  the  addition  of  hydrochloric  acid  in  excess  to  this  solu- 
tion, the  double  cyanide  of  nickel  and  potassium  suffers  decom 
position,  and  the  potassium  of  the  eobalticyanide  of  potassium 
transposes  with  the  nickel  of  the  cyanide  of  nickel ; the  products 
of  this  process  of  double  decomposition  and  transposition  are 
chloride  of  potassium,  hydrocyanic  acid,  and  eobalticyanide  of 
nickel,  (Cy6  Co2  + 3 Ni,)  which  latter  separates  in  the  form  of 
a dirty  green  precipitate,  containing  the  whole  of  the  nickel  and 
cobalt  present  in  the  solution. — In  the  second  case  we  obtain 
equally  a precipitate  of  eobalticyanide  of  nickel,  but  this  precipi- 
tate, though  containing  the  whole  of  the  nickel , does  not  contain 
all  the  cobalt  of  the  solution,  since  the  excess  of  eobalticyanide 
of  potassium  is  not  decomposed. — In  the  third  case,  we  obtain 
a precipitate  of  eobalticyanide  of  nickel,  which  contains  the 
tvhole  of  the  cobalt  and  a portion  of  the  nickel , mixed  with  inso- 
luble cyanide  of  nickel  which  contains  the  rest  of  the  nickel.  The 
eobalticyanide  of  nickel  has  been  formed  here  in  the  same  manner 
as  in  the  first  case,  whilst  the  cyanide  of  nickel  owes  its  formation 
to  the  decomposition  of  the  excess  of  the  double  cyanide  of  nickel 
and  potassium.  Hence  it  is  evident,  that  the  presence  of  nickel 
is  invariably  indispensable  to  the  formation  of  a precipitate,  and 
consequently,  that  the  production  of  a precipitate  is  the  most  posi- 
tive proof  of  the  presence  of  this  metal.  Since  cobalt  is  always, 
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and  under  any  circumstances,  to  be  readily  and  positively  detected 
by  its  characteristic  deportment  before  the  blow-pipe,  any  further 
remarks  respecting  the  mere  detection  of  either  metal  would 
be  superfluous.  But  as  we  are  already  so  far  advanced  towards 
effecting  the  complete  separation  of  nickel  from  cobalt,  it  may 
be  as  well  here  to  touch  briefly  upon  this  point. — In  the  first 
and  second  of  the  above-mentioned  cases,  we  need  simply, 
after  the  addition  of  the  hydrochloric  acid,  expose  the  fluid, 
with  the  therein  suspended  precipitate  of  cobalticyanide  of  nickel 
to  the  action  of  heat,  until  the  free  hydrocyanic  acid  is  ex- 
pelled,— (this  operation  leaves  both  the  cobalticyanide  of  nickel 
and  the  excess  of  cobalticyanide  of  potassium  which  remains  unde- 
composed in  the  second  case,  unaltered) — and  subsequently  add 
caustic  potass,  with  which  the  cobalticyanide  of  nickel  will  at 
once  decompose  and  transpose  to  cobalticyanide  of  potassium, 
which  remains  in  solution,  and  protoxide  of  nickel  which  precipi- 
tates in  the  hydrated  state. — But  in  the  third  case,  it  is  necessary 
to  add  a larger  quantity  of  hydrochloric  acid,  and  to  boil  the  mix- 
ture subsequently,  until  the  cyanide  of  nickel  contained  in  the 
precipitate,  and  which  would  only  be  imperfectly  decomposed  by 
potass,  is  converted  into  chloride  of  nickel,  and  until  the  hydro- 
cyanic acid,  which  is  disengaged  during  this  process,  is  completely 
expelled  ; the  mixture  is  then  to  be  boiled  with  caustic  potass, 
when  the  whole  of  the  nickel  will  separate  as  insoluble  hydrated 
protoxide,  whilst  the  whole  of  the  cobalt  will  remain  in  solution  as 
cobalticyanide  of  potassium.  It  is  necessary  finally  to  men- 
tion, that  alkalies  fail  to  precipitate  the  oxides  of  the  fourth  group 
in  presence  of  non-volatile  organic  substances,  (such  as  sugar, 
tartaric  acid,  &c.)  We  have  already  seen  that  the  same  applies  to 
alumina  and  oxide  of  chromium. 
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§ 90. 

Fifth  Group. 

OXIDE  OF  SILVER PROTOXIDE  OF  MERCURY — PEROXIDE  OF  MER- 
CURY  OXIDE  OF  LEAD OXIDE  OF  BISMUTH— OXIDE  OF 

COPPER — OXIDE  OF  CADMIUM. 

Properties  of  the  g roup . — The  sulpliurets  corresponding  with 
the  oxides  of  this  group,  are  insoluble  both  in  dilute  acids  and  in 
alkaline  sulpliurets.  The  solutions  of  these  oxides  are  therefore 
completely  precipitated  by  sulphuretted  hydrogen,  no  matter 
whether  their  reaction  he  neutral,  alkaline,  or  acid. 

For  the  sake  of  greater  clearness  and  simplicity,  we  divide  the 
oxides  of  this  group  into  two  sections,  and  distinguish 

1.  Oxides  precipitable  by  hydrochloric  acid,  viz.  : 
oxide  of  silver,  protoxide  of  mercury,  oxide  of  lead. 

2.  Oxides,  not  precipitable  by  hydrochloric  acid,  viz.  : 
peroxide  of  mercury,  oxide  of  copper,  oxide  of  bismuth,  oxide  of 
cadmium. 

Lead  must  be  considered  in  both  sections,  since  the  difficult 
solubility  of  its  chloride  may  lead  to  confounding  its  oxide  with 
protoxide  of  mercury  and  oxide  of  silver,  without  affording  us,  on 
the  other  hand,  any  means  of  effecting  its  perfect  separation  from 
the  oxides  of  the  second  section. 

% 91. 


FIRST  SECTION  OF  THE  FIFTH  GROUP  : OXIDES  PRECIPITABLE 

BY  HYDROCHLORIC  ACID. 

Special  Reactions, 
a.  OXIDE  OF  SILVER.  (Ag  O.) 

1 . Oxido  of  silver  is  a grey  brown  powder  which  dissolves 
readily  in  dilute  nitric  acid.  It  forms  no  hydrate. 

2.  The  salts  of  oxide  of  silver  are  non-volatile  and  colorless  ; 
most  of  them  acquire  a black  tint  when  exposed  to  the  light.  The 
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soluble  neutral  salts  do  not  alter  vegetable  colors,  and  are  decom- 
posed at  a red  heat. 

3.  Sulphuretted  hydrogen  and  hydro  sulphur  et  of  ammonia 
precipitate  black  sulphuret  of  silver,  (Ag  S,)  which  is  in- 
soluble in  dilute  acids,  alkalies,  alkaline  sulplmrets,  and  cyanide  of 
potassium.  Boiling  concentrated  nitric  acid  decomposes  and 
dissolves  this  precipitate  readily,  with  separation  of  sulphur. 

4.  Potass  and  ammonia  precipitate  from  solutions  of  salts  of 
silver,  the  oxide  of  this  metal  in  the  form  of  a light  brown  pow- 
der, which  is  insoluble  in  potass,  but  dissolves  readily  in  ammonia. 
The  presence  of  salts  of  ammonia  prevents  this  precipitation 
totally  or  partly. 

5.  Hydrochloric  acid  and  soluble  metallic  chlorides  produce  in 
solutions  of  salts  of  silver  a white  curdy  precipitate  of  chloride 
of  silver.  (Ag  Cl.)  In  very  dilute  solutions,  these  reagents 
impart  simply  a bluish-white  opalescent  appearance  to  the  fluid. 
Chloride  of  silver,  when  exposed  to  the  light,  acquires  first 
a violet  tint,  and  then  turns  black ; it  is  insoluble  in  nitric 
acid,  but  dissolves  readily  in  ammonia  as  ammonio-chloride  of 
silver,  from  which  double  compound  the  chloride  of  silver  is  sepa- 
rated again  by  acids.  Chloride  of  silver,  when  heated,  fuses 
without  decomposition,  into  a transparent  horny  mass. 

6.  When  compounds  of  silver,  mixed  with  carbonate  of  soda, 
are  exposed  on  a charcoal  support  to  the  inner  flame  of  the  blow- 
pipe, white  brilliant  and  ductile  metallic  globules  are 
produced  unattended  with  any  incrustation  of  the  charcoal. 

b.  protoxide  of  mercury.  (Hg2  0 ) 

1.  Protoxide  of  mercury  is  a black  powder  which  is  readily 
soluble  in  nitric  acid,  and  is  decomposed  by  the  action  of  heat, 
the  mercury  volatilizing  in  the  metallic  state.  It  forms  no 
hydrate. 

2.  The  salts  of  protoxide  of  mercury,  when  ignited,  volatilize 
either  unaltered,  or  they  are  decomposed,  and  the  mercury  vola- 
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tilizes  in  tlie  metallic  state.  Most  of  the  protosalts  of  mercury  are 
colorless.  The  soluble  salts  redden  litmus  paper  in  the  neutral 
state  ; when  mixed  with  much  water,  they  decompose  into  in- 
soluble basic  and  soluble  acid  salts. 

3.  Sulphuretted  hydrogen  and  hydrosulphuret  of  ammonia 
produce  black  precipitates  of  protosulphuret  oe  mercury, 
(Hg2  S,)  which  are  insoluble,  both  in  dilute  acids,  in  hydrosul- 
phuret of  ammonia,  and  cyanide  of  potassium.  Sulphuret  of 
potassium  resolves  this  sulphuret  into  bisulphuret,  which  dissolves, 
and  globules  of  metallic  mercury,  which  separate.  Protosulphuret 
of  mercury  is  readily  decomposed  and  dissolved  by  aqua  regia,  but 
not  by  boiling  concentrated  nitric  acid. 

4.  Potass  and  ammonia  produce  in  the  solution  of  protosalts  of 
mercury  black  precipitates,  which  are  insoluble  in  an  excess  of  the 
precipitants.  The  potass  precipitates  consist  of  protoxide  of 
mercury  ; whilst  those  produced  by  ammonia  consist  of  a basic 

DOUBLE  SALT  OF  PROTOXIDE  OF  MERCURY  AND  AMMONIA,  e.  g. 

(NH3,  N 05-f  3 Hg2  0.) 

5.  Hydrochloric  acid  and  soluble  metallic  chlorides  precipitate 
protochloride  of  mercury  (Hg2  Cl)  as  a fine  powder  of  daz- 
zling whiteness.  Cold  hydrochloric  acid  and  cold  nitric  acid  fail 
to  dissolve  this  precipitate  ; it  dissolves,  however,  although  very 
difficultly  and  slowly,  upon  long  protracted  boiling  with  these 
acids,  being  resolved  by  hydrochloric  acid  into  perchloride  of 
mercury  and  metallic  mercury,  which  separates,  and  converted  by 
nitric  acid  into  perchloride  of  mercury  and  pernitrate  of  mercury. 
Aqua  regia  and  chlorine  water  dissolves  the  protochloride  of 
mercury  readily  as  perchloride.  Ammonia  and  potass  decompose 
the  protocliloride  of  mercury  and  separate  black  protoxide 
from  it. 

6.  If  a drop  of  a neutral  or  feebly  acid  solution  of  protoxide  of 
mercury  be  poured  on  a clean  and  smooth  surface  of  copper , and 
washed  off  after  some  time,  the  spot  will  subsequently  when  rub- 
bed with  cloth,  paper,  &c.,  appear  white  and  lustrous  like 


?!  91.] 


OXIDE  OF  LEAD. 


117 


silver.  The  application  of  heat  to  the  copper  causes  the  metallic 
mercury  precipitated  on  its  surface  to  volatilize,  and  removes 
the  silvering. 

7.  Protochloride  of  tin  produces  in  solutions  of  protoxide  of 
mercury,  a grey  precipitate  of  metallic  mercury,  which  may  be 
united  into  globules  by  heating  and  agitation,  but  most  readily  by 
boiling  with  hydrochloric  acid. 

8.  If  an  intimate  mixture  of  any  of  the  compounds  of  mercury, 
with  anhydrous  carbonate  of  soda  be  introduced  into  a drawn-out 
glass  tube,  and  covered  with  a layer  of  carbonate  of  soda,  and  the 
tube  be  then  heated  before  the  blow- pipe,  the  mercurial  compound 
will  undergo  decomposition,  and  metallic  mercury  will  separate, 
forming  a crust  of  grey  sublimate  above  the  heated  part  of  the 
tube.  The  minute  particles  of  mercury  may  be  united  into 
globules  by  rubbing  this  crust  with  a glass  rod. 

C . OXIDE  OF  LEAD.  (Pb  0.) 

1.  Oxide  of  lead  is  a yellow  or  reddish-yellow  powder  which 
fuses  to  a vitreous  mass  when  heated.  Hydrated  oxide  of  lead  is 
white.  Both  the  oxide  of  lead  and  its  hydrate  dissolves  in  nitric 
acid  and  acetic  acid. 

2.  The  salts  of  oxide  of  lead  are  colorless  and  non-volatile  ; the 
soluble  salts,  in  the  neutral  state,  redden  litmus  paper,  and  are 
decomposed  at  a red  heat. 

8.  Sulphuretted  hydrogen  and  hydrosulphuret  of  ammonia 
produce  black  precipitates  of  sulphuret  of  lead,  (Pb  S,)  which 
are  insoluble  in  dilute  acids,  alkalies,  alkaline  sulpliurets,  and 
cyanide  of  potassium.  Sulphuret  of  lead  is  decomposed  by  boiling 
concentrated  nitric  acid  ; the  whole  of  the  lead  is  converted,  at 
first,  into  nitrate  of  lead,  and  the  greater  portion  of  the  sulphur 
separates,  whilst  another  portion  is  converted  into  sulphuric  acid. 
The  sulphuric  acid  thus  formed  decomposes  a portion  of  the 
nitrate  of  lead,  and  forms  sulphate  of  lead,  which  remains  un- 
dissolved in  the  form  of  a wdiite  powder,  mixed  with  the  separated 
sulphur. — In  solutions  of  salts  of  lead  containing  an  excess  of 
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a mineral  acid,  sulphuretted  hydrogen  produces  a precipitate  only 
after  the  addition  of  water. 

4.  Potass  and  ammonia  throw  down  basic  salts  of  lead  in 
the  form  of  white  precipitates,  which  are  insoluble  in  ammonia, 
and  of  difficult  solution  in  potass.  Ammonia  fails  to  produce  a 
precipitate  in  solutions  of  acetate  of  lead,  owing  to  the  formation 
of  a soluble  tri -acetate  of  lead. 

5.  Carbonate  of  potass  throws  down  from  solutions  of  salts  of 
the  oxide  of  lead,  a white  precipitate  of  carbonate  of  lead  (l’b 
0,  C 02,)  which  is  insoluble  in  an  excess  of  the  precipitant  and 
also  in  cyanide  of  potassium. 

G.  Hydrochloric  acid  and  soluble  chlorides  produce  in  con- 
centrated solutions  of  salts  of  the  oxide  of  lead  heavy  white  pre- 
cipitates of  chloride  of  lead,  (Pb  01,)  which  are  soluble  in  a 
large  amount  of  water,  especially  upon  the  application  of  heat. 
This  chloride  of  lead  is  not  altered  by  ammonia,  and  is  more 
difficult  of  solution  in  dilute  hydrochloric  and  nitric  acid  than  in 
water. 

7.  Sulphuric  acid  and  sulphates  produce  white  precipitates  of 
sulphate  of  lead,  (Pb  0,  S03,)  which  are  nearly  insoluble  in 
water  and  dilute  acids.  Prom  dilute  solutions,  and  especially 
from  solutions  which  contain  much  free  acid,  the  sulphate  of  lead 
precipitates  only  after  some  time,  and  frequently  even  after  the 
lapse  of  a considerable  time.  It  is  advisable,  under  all  circum- 
stances, to  add  a tolerably  large  excess  of  dilute  sulphuric  acid, 
since  sulphate  of  lead  is  far  more  insoluble  in  dilute  sulphuric 
acid  than  in  water.  Sulphate  of  lead  is  slightly  soluble  in  con- 
centrated nitric  acid ; it  dissolves,  with  difficulty,  in  boiling  con- 
centrated hydrochloric  acid,  but  more  readily  in  potass  ley. 

8.  Chromate  of  potass  produces  a yellow  precipitate  of  chro- 
mate of  lead,  (Pb  O,  Cr03,)  which  is  readily  soluble  in  potash, 
but  insoluble  in  dilute  nitric  acid. 

9.  When  a mixture  of  any  of  the  compounds  of  lead  with 
carbonate  of  soda,  is  exposed  on  a charcoal  support,  to  the  re- 
ducing flame  of  the  blow-pipe , soft  and  ductile  metallic  globules 


PEROXIDE  OE  MERCURY. 


119 


§ 92.] 


of  lead  are  readily  produced,  the  charcoal  becoming  covered,  at 
the  same  time,  with  a slight  yellow  incrustation  of  oxide  of 
lead. 


Recapitulation  and  remarks. — The  metallic  oxides  of  the  first 
section  of  the  fifth  group  are  the  most  distinctly  characterized  in 
their  corresponding  chlorides,  since  the  different  deportment  of 
these  chlorides  with  ammonia  affords  us  a simple  means  both  of 
detecting  and  of  separating  them  from  one  another.  For  the 
chloride  of  silver,  as  I have  stated,  is  dissolved  by  ammonia,  whilst 
protochloride  of  mercury  and  chloride  of  lead  remain  undissolved. 
From  the  solution  of  ammonio-chloride  of  silver  which  is  obtained 
by  treating  chloride  of  silver  with  ammonia,  the  simple  chloride  of 
silver  may  be  re-precipitated  by  nitric  acid ; this  reaction  admits  of 
no  mistake  and  we  require,  accordingly,  no  other  means  to  effect  the 
positive  detection  of  silver.  Of  the  two  remaining  chlorides,  the 
protochloride  of  mercury  is  converted  by  ammonia  into  black  pro- 
toxide of  mercury,  whilst  the  chloride  of  lead  remains  unaltered. 
The  newly-formed  protoxide  of  mercury  maybe  separated  from  the 
chloride  of  lead  by  treating  the  mixed  chlorides  with  nitric  acid, 
which  dissolves  the  protoxide  of  mercury,  or  by  boiling  with  water, 
which  effects  the  solution  of  the  chloride  of  lead.  The  protoxide 
of  mercury  is  sufficiently  characterized  by  the  deportment  of  the 
corresponding  chloride  with  ammonia.  Sulphuric  acid  and  chro- 
mate of  potass  are  the  most  positive  tests  for  the  oxide  of  lead. 

% 92.1 

SECOND  SECTION  OF  THE  FIFTH  GROUP.  OXIDES  WHICH  ARE 
NOT  PRECIPITATED  BY  HYDROCHLORIC  ACID. 

Special  Reactions. 

a.  PEROXIDE  OF  MERCURY.  (Ffg  0.) 

1.  Peroxide  of  mercury  forms  a crystalline  mass  of  a light 
red  color,  inclining  sometimes  to  orange,  which  upon  levigation 
yields  a powder  of  a yellowish  red  color.  When  heated 
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it  transitorily  acquires  a deeper  tint ; at  a faint  red  heat,  it  is  re- 
solved into  metallic  mercury  and  oxygen.  The  hydrate  of  peroxide 
of  mercury  is  yellow.  Both  the  peroxide  of  mercury  and  its  hydrate 
dissolve  readily  in  hydrochloric  acid  and  nitric  acid. 

2.  The  salts  of  peroxide  of  mercury  volatilize  upon  ignition; 
part  of  them  suffer  decomposition  in  this  process,  whilst  others 
remain  unaltered.  Most  of  the  persalts  of  mercury  are  colorless. 
The  soluble  salts  in  their  neutral  state  redden  litmus  paper.  The 
nitrate  and  sulphate  of  peroxide  of  mercury  are  decomposed  into 
soluble  acid  and  insoluble  basic  salts,  when  treated  with  a larger 
amount  of  water. 

3.  When  a very  small  amount  of  sulphuretted  hydrogen  or  of 
hydrosulphuret  of  ammonia  is  added  to  solutions  of  persalts  of 
mercury,  and  the  mixture  is  subsequently  agitated,  a perfectly 
white  precipitate  is  produced.  The  addition  of  somewhat  large 
quantities  of  these  reagents  causes  the  precipitate  to  acquire  a 
yellow,  orange,  or  brown-red  color,  according  to  the  less  or  greater 
proportion  added;  an  excess  of  the  reagent  produces  a purely 
black  precipitate  of  rersulphuret  of  mercury,  (Hg  S.)  This 
progressive  variation  of  color  from  white  to  black,  which  depends 
on  the  gi’adually  increasing  proportions  of  the  sulphuretted 
hydrogen,  or  hydrosulphuret  of  ammonia  distinguishes  the  per- 
oxide of  mercury  from  all  other  substances.  The  white  precipi- 
tate which  forms  at  first,  consists  of  a doable  compound  of 
persulphuret  of  mercury  with  the  still  undecomposed  portion  of 
the  persalt  of  mercury,  (e.  g.  in  a solution  of  percliloride  of 
mercury,  Hg  Cl + 2 Hg  S ;)  the  gradually  increasing  admixture 
of  black  persulphuret  causes  the  precipitate  subsequently  to  pass 
through  the  various  gradations  of  color  which  I have  mentioned. 
Persulphuret  of  mercury  is  not  dissolved  by  hydrosulphuret  of 
ammonia,  nor  by  potass  or  cyanide  of  potassium  ; it  is  altogether 
insoluble  in  hydrochloric  acid  and  nitric  acid,  even  upon  boiling. 
It  dissolves  completely  in  sulphuret  of  potassium  and  is  readily 
decomposed  and  dissolved  by  aqua  regia. 

4.  Potass , when  added  in  a small  proportion  to  neutral  or 
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feebly  acid  solutions  of  peroxide  of  mercury,  produces  a reddish 
brown  precipitate,  which  acquires  a yellow  tint  when  the  reagent  is 
added  in  excess.  The  reddish  brown  precipitate  is  a basic  salt  ; 
the  yellow , on  the  contrary,  consists  of  hydrated  peroxide  of 
mercury.  (Hg  0,  3 HO.)  An  excess  of  the  precipitant  does 
not  re-dissolve  these  precipitates.  In  very  acid  solutions  this 
reaction  either  does  not  take  place  at  all,  or  is  at  least  but  in- 
complete. In  presence  of  salts  of  ammonia,  potass  produces  in 
solutions  of  persalts  of  mercury,  white  precipitates,  consisting  of 
double  compounds  of  the  divers  persalts  of  mercury  with  amide  of 
mercury.  Thus,  for  instance,  from  a solution  of  perchloride  of 
mercury  containing  ammoniacal  salts  in  admixture,  potass  throws 
down  a double  compound  of  perchloride  of  mercury  with  amide  of 
mercury,  (Hg  Cl  + Hg  NH2.) 

5.  Ammonia  produces  in  solutions  of  persalts  of  mercury  the 
same  white  precipitate,  which  potass  produces  when  salts  of 
ammonia  are  present. 

6.  Protochloride  of  tin,  when  added  in  small  portions  to  salts 
of  peroxide  of  mercury,  reduces  the  peroxide  to  protoxide,  giving 
thus  rise  to  the  subsequent  formation  of  a white  precipitate  of 
protochloride  of  mercury,  (Hg2  Cl;)  but  when  added  in 
excess,  this  reagent  deprives  the  mercury  of  the  whole  of  its, 
oxygen  and  acid  or  of  the  whole  of  the  salt-radical,  and  accordingly 
throws  the  mercury  down  in  the  metallic  state,  just  as  is  the  case 
with  protoxide  of  mercury,  (vide  § 91,  b.  7.)  The  precipitate,  there- 
fore, which  in  the  first  place  was  white,  acquires  now  a grey  tint, 
and  may  be  readily  united  into  globules  of  metallic  mercury,  by 
boiling  with  hydrochloric  acid. 

7.  The  persalts  of  mercury  present  the  same  deportment  with 
metallic  copper  as  the  protosalts ; and  the  same  applies  to  their 
deportment  when  heated,  in  admixture  with  carbonate  of  soda , in 
a glass  tube  before  the  blow-pipe. 

b . OXIDE  OF  COPPER.  (Cu  O.) 

1.  Oxide  of  copper  is  black,  fixed  powder ; its  hydrate  is  of  a 
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light  blue  color.  Both  the  oxide  of  copper  and  its  hydrate  dis- 
solve readily  in  hydrochloric  acid,  sulphuric  acid,  and  nitric 
acid. 

2.  Most  of  the  neutral  salts  of  oxide  of  copper  are  soluble  in 
water ; the  soluble  salts  redden  litmus,  and  suffer  decomposition, 
when  heated  to  gentle  redness,  with  the  exception  of  the  sulphate, 
which  can  bear  a somewhat  higher  temperature.  They  are  white 
in  the  anhydrous  state  ; the  hydrated  salts  are  of  blue  or  green 
color,  which  their  solutions  continue  to  exhibit,  even  though 
much  diluted. 

3.  Sulphuretted  hydrogen  and  hydro  sulpha  ret  of  ammonia 
produce,  in  alkaline,  neutral,  and  acid  solutions  of  salts  of  copper, 
blackish  brown  precipitates  of  persulphuret  of  copper  (Cu  S.) 
This  sulphuret  is  insoluble  in  dilute  acids  and  caustic  alkalies, 
and  equally  so  in  hot  solutions  of  sulphuret  of  potassium  and  of 
sulphuret  of  sodium ; but  it  is  not  altogether  insoluble  in  liydro- 
sulpliuret  of  ammonia ; the  latter  reagent  is,  therefore,  not 
adapted  to  effect  the  perfect  separation  of  persulphuret  of  copper 
from  other  metallic  sulpliurets.  Persulphuret  of  copper  is  readily 
decomposed  and  dissolved  by  boiling  concentrated  nitric  acid ; 
it  dissolves,  likewise,  completely  in  solution  of  cyanide  of  potas- 
sium. In  solutions  of  salts  of  copper  which  contain  an  excess 
of  concentrated  mineral  acid,  sulphuretted  hydrogen  produces  a 
precipitate  only  after  the  addition  of  water. 

4.  Potass  produces  a light  blue,  bulky  precipitate  of  hydrated 
oxide  of  copper,  (Cu  O,  HO  ) If  the  solution  be  highly  con- 
centrated, and  the  potass  be  added  in  excess,  the  precipitate  will, 
after  the  lapse  of  some  time,  turn  black,  and  lose  its  bulkiness, 
even  in  the  cold  ; but,  at  all  events,  upon  boiling  with  the  fluid 
in  which  it  is  suspended,  and  which,  if  necessary,  is  to  be  diluted 
for  this  purpose.  In  this  process  the  hydrated  oxide  is  converted 
into  simple  oxide. 

5.  Carbonate  of  potass  produces,  in  solutions  of  salts  of  cop- 
per, a greenish-blue  precipitate  of  hydrated  basic  carbonate  of 
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(Cu  O,  CO 2 + Cu  O,  HO,) 

which,  upon  boiling,  changes  to  brown  blackish  oxide  of  copper, 
and  dissolves  in  ammonia  to  an  azure  blue,  and  in  cyanide  of 
potassium,  to  a brownish  fluid. 

6.  Ammonia , when  added  in  a small  portion  to  solutions  of 
salts  of  copper,  produces  a greenish  blue  precipitate,  consist- 
ing of  a basic  salt  of  copper.  This  precipitate  redissolves 
readily  in  an  excess  of  the  precipitant,  yielding  a perfectly  clear 
solution  of  a magnificent  azure  blue,  which  owes  its  color  to  the 
formation  of  a basic  double  salt  of  ammonio-oxide  of  copper. 
Thus,  for  instance,  in  a solution  of  sulphate  of  copper  ammonia 
produces  a precipitate  of 

(NH3,  Cu  0 + NH4  0,  S 03). 

The  blue  coloration  of  the  fluid  ceases  to  be  perceptible  only 
upon  diluting  the  solution  considerably.  Potass  produces  in  such 
blue  solutions  in  the  cold,  after  the  lapse  of  some  time,  a precipitate 
of  blue  hydrated  oxide  of  copper,  but,  upon  boiling,  this  reagent 
precipitates  the  whole  of  the  copper  as  black  oxide.  Carbonate 
of  ammonia  presents  the  same  deportment  with  salts  of  copper, 
as  pure  ammonia. 

7.  Ferrocyanide  of  potassium  produces  even  in  highly  dilute 
solutions,  a ruddy-brown  precipitate  of  ferrocyanide  of  copper 
(Cfy  + 2 Cu)  which  is  insoluble  in  dilute  acids,  but  suffers  decom- 
position when  acted  upon  by  potass. 

8.  Metallic  iron , when  brought  into  contact  with  concentrated 
solutions  of  salts  of  copper,  is  almost  immediately  covered  with  a 
coppery-red  crust  of  metallic  copper;  highly  dilute  solu- 
tions produce  this  coating  only  after  the  lapse  of  some  time. 
This  test  is  extremely  delicate ; the  reaction  becomes  most 
speedily  manifest  when  the  solution  contains  a free  acid,  (hydro- 
chloric acid.) 

9.  When  a mixture  of  any  of  the  compounds  of  copper  with 
carbonate  of  soda  is  exposed  on  a charcoal  support  to  the  re- 
ducing flame  of  the  blow-pipe , metallic  copper  is  obtained 
without  simultaneous  incrustation  of  the  charcoal.  The  best 
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method  of  freeing  this  copper  from  the  surrounding  particles  ol 
charcoal,  is  to  triturate  the  whole  mass  in  a small  mortar  with 
some  water,  and  to  wash  the  charcoal  powder  subsequently  off. 
The  coppery-red  metallic  spangles  will  remain. 

C.  OXIDE  OF  BISMUTH.  (Bi  03.) 

1.  Oxide  of  bismuth  is  a yellow  powder  which  transitorily  ac- 
quires a deeper  tint  when  heated  ; it  fuses  at  a red-heat.  Hy- 
drated oxide  of  bismuth  is  white.  Both  the  oxide  of  bismuth 
and  its  hydrate  dissolve  readily  in  hydrochloric  acid,  sulphuric 
acid,  and  nitric  acid. 

2.  The  salts  of  bismuth  are  non-volatile,  with  the  exception  of 
a few,  (chloride  of  bismuth.)  Most  of  them  are  decomposed  at  a 
red-heat.  They  are  colorless  ; some  of  them  are  soluble  in  water, 
whilst  others  are  insoluble  in  this  menstruum.  The  soluble 
salts,  in  the  neutral  state,  redden  litmus  paper,  and  are  decom- 
posed into  soluble  acid  and  insoluble  basic  salts  when  treated 
with  a large  amount  of  water. 

3.  Sulphuretted  hydrogen  and  hydrosulphuret  of  ammonia 
produce,  in  neutral  and  acid  solutions  of  salts  of  bismuth,  black 
precipitates  of  sulphuret  of  bismuth  (Bi  S3)  which  are  in- 
soluble in  dilute  acids,  alkalies,  alkaline  sulphurets,  and  cyanide 
of  potassium,  but  are  readily  decomposed  and  dissolved  by  boiling 
concentrated  nitric  acid.  In  solutions  of  salts  of  bismuth  which 
contain  an  excess  of  concentrated  hydrochloric  or  nitric  acid, 
sulphuretted  hyrogen  produces  a precipitate  only  after  the  addi- 
tion of  water. 

4.  Potass  and  ammonia  throw  down  from  solutions  of  salts  of 
bismuth,  hydrated  oxide  of  bismuth  as  a white  precipitate, 
which  is  insoluble  in  an  excess  of  the  precipitants. 

5.  Carbonate  of  potass  throws  down  from  solutions  of  salts  of 
bismuth,  basic  carbonate  of  bismuth  (Bi  03,  C02)  as  a white 
bulky  precipitate,  which  is  insoluble  in  an  excess  of  the  precipitant, 
and  equally  so  in  cyanide  of  potassium. 

6.  Chromate  of  potass  precipitates  from  solutions  of  salts  of 
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bismuth  chromate  of  bismuth  as  a yellow  powder.  This  sub- 
stance differs  from  chromate  of  lead,  inasmuch  as  it  is  soluble  in 
dilute  nitric  acid,  and  insoluble  in  potass. 

7.  The  reaction  which  characterizes  the  oxide  of  bismuth,  more 
particularly,  is  the  decomposition  of  its  neutral  salts  by  water  into 
acid  soluble  and  basic  insoluble  salts.  The  addition  of  a large 
amount  of  water  to  solutions  of  salts  of  bismuth  causes  the  imme- 
diate formation  of  a dazzling  white  precipitate,  provided  there 
be  not  a too  considerable  proportion  of  free  acid  present.  This 
reaction  is  the  most  susceptible  in  the  case  of  chloride  of  bismuth, 
since  the  basic  chloride  of  bismuth  (Bi  Cl3,  2 Bi  03)  is  nearly 
absolutely  insoluble  in  water.  Should  water  fail  to  produce  a 
precipitate  in  nitric  solutions  of  bismuth,  owing  to  the  presence 
of  a too  considerable  portion  of  free  acid,  a precipitate  will  imme- 
diately form,  upon  neutralizing  the  free  acid  with  an  excess  of 
basic  acetate  of  lead ; we  must,  of  course,  be  fully  convinced 
of  the  absence  of  sulphuric  acid,  &c.,  before  we  can  have  re- 
course to  the  application  of  this  means.  From  the  basic  salts 
of  antimony  which  are  formed  under  analogous  circumstances, 
the  precipitated  basic  salts  of  bismuth  may  be  readily  dis- 
tinguished by  their  insolubility  in  tartaric  acid. 

8.  When  a mixture  of  any  of  the  compounds  of  bismuth,  with 
carbonate  of  soda , is  exposed  on  a charcoal  support,  to  the 
reducing  flame  of  the  blow-pipe , brittle  grains  of  bismuth 
are  obtained,  which  fly  into  pieces  under  the  stroke  of  a 
hammer.  The  charcoal  becomes  covered,  at  the  same  time,  with 
a slight  yellow  incrustation  of  oxide  of  bismuth. 

d.  oxide  of  cadmium.  (Cd  0.) 

1.  Oxide  of  cadmium  is  a yellowish  brown,  fixed  powder.  The 
hydrated  oxide  is  white.  Both  the  oxide  of  cadmium  and  its 
hydrate  dissolve  readily  in  hydrochloric  acid,  nitric  acid,  and 
sulphuric  acid. 

2.  The  salts  of  oxide  of  cadmium  are  either  colorless  or  white  ; 
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most  of  them  are  soluble  in  water.  The  soluble  salts,  in  the  neutral 
state,  redden  litmus  paper,  and  are  decomposed  at  a red-heat. 

3.  8 ' ulphuretted  hydrogen  and  hydrosulphuret  of  ammonia 
produce,  in  alkaline,  neutral,  and  acid  solutions  of  salts  of  cad- 
mium, a bright  yellow  precipitate  of  sulpiiuret  of  cadmium, 
(Cd  8),  which  is  insoluble  in  dilute  acids,  alkalies,  alkaline  sul- 
phurets,  and  cyanide  of  potassium,  but  is  readily  decomposed  and 
dissolved  by  boiling  concentrated  nitric  acid.  In  solutions  of 
salts  of  cadmium  which  contain  a considerable  excess  of  free  acid, 
sulphuretted  hydrogen  produces  a precipitate  only  after  the  addi- 
tion of  water. 

4.  Potass  produces,  in  solutions  of  salts  of  cadmium,  a white 
precipitate  of  hydrated  oxide  of  cadmium  (Cd  0,  HO)  which 
is  insoluble  in  an  excess  of  the  precipitant. 

5.  Ammonia  likewise  precipitates  from  solutions  of  salts  of 
cadmium  white  hydrated  oxide  of  cadmium,  but  this  redis- 
solves readily  to  a colorless  fluid,  upon  addition  of  ammonia  in 
excess. 

0.  Carbonate  of  potass  and  carbonate  of  ammonia  produce 
white  precipitates  of  carbonate  of  cadmium  (Cd  O,  C 02) 
which  are  insoluble  in  an  excess  of  the  precipitants.  The  pre- 
sence of  salts  of  ammonia  does  not  prevent  the  formation  of  these 
precipitates.  The  precipitated  carbonate  of  cadmium  dissolves 
readily  in  solution  of  cyanide  of  potassium. 

7.  When  a mixture  of  any  of  the  compounds  of  cadmium  with 
carbonate  of  soda  is  exposed  on  a charcoal  support,  to  the  re- 
ducing fame  of  the  blow-pipe , the  charcoal  becomes  covered 
with  a reddish  yellow  incrustation  of  oxide  of  cadmium,  owing 
to  the  volatilization  of  the  reduced  metal  and  its  subsequent 
reoxidation  in  passing  through  the  oxidizing  flame. 

Recapitulation  and  remarks. — The  perfect  separation  of  the 
metallic  oxides  of  the  second  section  of  the  fifth  group,  from 
protoxide  of  mercury  and  oxide  of  silver,  may,  as  I have  already 
stated,  he  effected  by  means  of  hydrochloric  acid  ; but  this  agent 
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fails  to  separate  them  completely  from  oxide  of  lead.  The  per- 
oxide of  mercury  differs  from  the  other  oxides  of  this  section, 
inasmuch  as  the  corresponding  sulphuret  is  insoluble  in  boiling- 
nitric  acid.  This  property  affords  a convenient  means  for  its 
separation.  Moreover,  the  reactions  with  protoxide  of  tin,  or 
with  metallic  copper,  as  well  as  those  in  the  dry  way,  will  readily 
indicate  the  presence  of  peroxide  of  mercury,  after  the  previous 
removal  of  the  protoxide. 

Of  the  remaining  oxides,  those  of  copper  and  cadmium  differ 
from  those  of  lead  and  bismuth,  inasmuch  as  the  precipitates 
which  ammonia  causes  in  solutions  of  the  salts  of  the  former, 
are  soluble  in  an  excess  of  ammonia,  whilst  the  precipitates 
which  this  reagent  produces  in  solutions  of  the  salts  of  the  latter 
do  not  redissolve  in  an  excess  of  the  precipitant.  The  oxide  of 
bismuth  may  be  separated  from  the  oxide  of  lead  by  means  of 
sulphuric  acid ; but  the  most  characteristic  reaction  of  the  oxide 
of  bismuth  is,  as  I have  already  stated,  the  decomposition  of  its 
salts  by  water.  Tor  the  surest  tests  for  lead,  I refer  to  § 91,  c., 
7 and  8.  The  oxide  of  copper  may  be  separated  from  the  oxide 
of  cadmium,  by  means  of  carbonate  of  ammonia ; the  former  is 
more  particularly  characterized  by  the  reactions  with  ferrocyanide 
of  potassium  and  with  iron,  and  likewise  by  the  deportment  of 
its  salts  before  the  blow-pipe,  whilst  the  oxide  of  cadmium  may 
invariably  be  detected  by  its  yellow  sulphuret,  which  is  insoluble 
in  hydrosulpliuret  of  ammonia,  and  by  the  characteristic  incrus- 
tation with  which  its  salt  covers  the  charcoal  support  when  ex- 
posed to  the  reducing  flame  of  the  blow-pipe.  Tor  the  method 
of  separating  the  oxides  of  the  fifth  group  from  one  another  by 
means  of  cyanide  of  potassium,  I refer  to  the  second  section 
of  Part  II.  (Additional  remarks  to  § 120.) 
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Sixth  Group. 

PEROXIDE  OF  GOLD —PEROXIDE  OF  PLATINUM OXIDE  OF  ANTI- 
MONY  PEROXIDE  OF  TIN  — PROTOXIDE  OF  TIN ARSENIOUS 

AND  ARSENIC  ACID  * 

Properties  of  the  group. — -The  sulphurets  corresponding  with 
the  oxides  of  the  sixth  group  are  insoluble  in  dilute  acids.  They 
combine  with  alkaline  sulphurets,  forming  soluble  sulphur  salts, 
in  which  they  perform  the  part  of  the  acid.  Sulphuretted  hydro- 
gen, consequently  precipitates  these  oxides  completely  from 
acidified,  but  not  from  alkaline  solutions.  The  precipitated 
sulphurets  dissolve  in  hydrosulphuret  of  ammonia,  sulphuret  of 
potassium,  &c.  and  re-precipitate  from  these  solutions  upon  the 
addition  of  acids. 

We  divide  the  oxides  of  this  group  into  two  classes,  and  dis- 
tinguish, 

1.  Oxides,  of  which  the  corresponding  sulphurets  are 

INSOLUBLE  IN  HYDROCHLORIC  ACID  AND  IN  NITRIC  ACID,  viz. 
peroxide  of  gold  and  peroxide  of  platinum. 

2.  Oxides,  of  which  the  corresponding  sulphurets  are 

SOLUBLE  IN  HYDROCHLORIC  ACID  OR  NITRIC  ACID,  viz.  Oxide  of 
antimony,  protoxide  and  peroxide  of  tin,  arsenious  and  arsenic 
acid. 

§ 94. 

First  Class. 

Special  Reactions, 
a.  PEROXIDE  OF  GOLD.  (Au  03.) 

1.  Peroxide  of  gold  is  a black  brown  powder;  its  hydrate  is 

* I have  placed  the  two  acids  of  arsenic  with  the  metallic  oxides,  since  the 
deportment  of  sulphuret  of  arsenic  may  readily  lead  to  confounding  them 
with  some  of  the  oxides  of  the  sixth  group,  and  because  in  the  systematic 
course  of  analysis  the  sulphuret  of  arsenic  is  invariably  precipitated  in  con- 
junction with  sulphuret  of  antimony,  sulphuret  of  tin,  &c.  &c. 
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chestnut  brown.  Both  the  peroxide  of  gold  and  its  hydrate  are 
reduced  by  light  and  heat,  and  dissolve  readily  in  hydrochloric 
acid,  hut  not  in  dilute  oxygen  acids.  Concentrated  nitric  acid  and 
sulphuric  acid  dissolve  the  peroxide  of  gold;  water  re-precipitates 
it  from  these  solutions. 

2.  Salts  of  gold  with  oxygen  acids  are  at  present  nearly  alto- 
gether unknown.  The  haloid  salts  of  gold  are  yellow,  and  their 
solutions  continue  to  exhibit  this  tint  up  to  a high  degree  of  dilu- 
tion. The  whole  of  them  are  readily  decomposed  upon  ignition  ; 
the  soluble  salts,  in  the  neutral  state,  redden  litmus  paper. 

3.  Sulphuretted  hydrogen  precipitates  from  neutral  and  acid 
solutions  of  salts  of  gold,  the  whole  of  the  metal  as  black  per- 
sulphuret  of  gold  (Au  S3)  which  is  insoluble  in  simple  acids, 
partly  soluble  in  potass,  and  perfectly  so  in  sulphuretted  alkaline 
sulphurets  and  in  aqua  regia. 

4.  H y dr o sulphur et  of  ammonia  produces  the  same  precipitate, 
which  redissolves  in  an  excess  of  the  precipitant  only  if  the  latter 
contains  an  excess  of  sulphur  in  admixture. 

5.  Potass  produces  in  tolerably  concentrated  solutions  of  salts 
of  gold  a reddish  yellow  precipitate  of  peroxide  of  gold,  which 
acquires  a deeper  tint  upon  boiling,  is  insoluble  in  an  excess  of 
potass,  and  contains  invariably  salts,  or  chloride  of  gold,  and 
potass  in  admixture.  Potass  fails  to  precipitate  acid  solutions 
of  salts  of  gold  in  the  cold. 

6.  Ammonia  produces  likewise  only  in  tolerably  concentrated 
solutions  of  salts  of  gold,  reddish  yellow  precipitates  of  aurate  of 
ammonia  (fulminating  gold).  In  solutions  which  contain  free 
acid  or  ammoniacal  salts,  this  precipitate  forms  only  upon  boiling. 

7.  Protochloride  of  tin,  containing  an  admixture  of  perchloride, 
produces  even  in  extremely  dilute  solutions  of  gold,  a purple-red 
precipitate,  (or  coloration  at  least,)  which  sometimes  inclines  rather 
to  violet  or  to  brown-red.  This  precipitate,  which  has  received  the 
name  of  purple  of  Cassius,  is  insoluble  in  hydrochloric  acid. 
Mav  not  this  substance  be  considered  as  a compound  of  peroxide 
of  tin  with  metallic  gold  ? 

Iv 
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8.  Protosalts  of  iron  reduce  tlie  peroxide  of  gold  when  added 
to  its  solutions,  and  precipitate  metallic  gold  in  the  form  of  a very 
fine  brown  powder,  which  acquires  metallic  lustre,  when  pressed 
upon  with  the  blade  of  a knife,  or  when  rubbed.  The  fluid  in 
which  the  precipitate  is  suspended,  appears  of  a blackish-blue 
color,  by  transmitted  light. 

b.  PEROXIDE  OF  PLATINUM.  (Pt  02.) 

1.  Peroxide  of  platinum  is  a blackish-brown,  its  hydrate  a redish 
brown  powder.  Both  the  peroxide  of  platinum  and  its  hydrate 
are  reduced  by  heat ; they  are  both  readily  soluble  in  hydrochloric 
acid,  and  difficultly  soluble  in  oxygen  acids. 

2.  The  persalts  of  platinum  are  decomposed  at  a red  heat. 
They  are  of  a reddish-brown  color,  which  their  solutions  continue  to 
exhibit  even  though  considerably  diluted.  The  soluble  salts  in 
the  neutral  state  redden  litmus  paper. 

3.  Sulphuretted  hydrogen  throws  down  from  acid  and  neutral 
solutions — (but  not  from  alkaline  solutions,  at  all  events,  not 
completely) — after  the  lapse  of  some  time  a blackish-brown  precipi- 
tate of  bisulphuret  of  platinum  (Pt  S2).  This  precipitate 
forms  immediately  when  the  solution  is  heated,  after  the  addition 
of  the  sulphuretted  hydrogen.  It  is  soluble  in  a considerable  ex- 
cess of  potass  or  of  alkaline  sulplmrets,  and  more  particularly  of 
those  of  the  higher  class.  Bisulphuret  of  platinum  is  insoluble 
both  in  hydrochloric  acid  and  in  nitric  acid,  but  it  dissolves 
readily  in  aqua  regia. 

4.  Hydro  sulphur  et  of  ammonia  produces  the  same  precipitate, 
this  redissolves  completely  in  a large  excess  of  the  precipitant, 
if  the  latter  contains  an  excess  of  sulphur  in  admixture.  Acids 
reprecipitate  the  bisulphuret  of  platinum  unaltered  from  this 
solution. 

5.  Potass  and  Ammonia  produce  in  solutions  of  salts  of  pla- 
tinum, when  not  too  highly  dilute,  yellow  chrystalline  precipitates 

9 

of  FOTASSIO- CHLORIDE  OF  PLATINUM  and  AMMONIO- CHLORIDE 

of  platinum,  which  are  insoluble  in  acids,  but  dissolve  in  an 
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excess  of  the  precipitants,  upon  the  application  of  heat.  The 
presence  of  free  hydrochloric  acid  promotes  the  precipitation 
greatly,  since  the  acid  effects  the  conversion  of  the  free  alkalies 
into  chlorides. 

6.  Protocldoride  of  tin  fails  to  produce  a precipitate  in  solu- 
tions of  persalts  of  platinum  which  contain  much  free  hydro- 
chloric acid,  but  it  simply  imparts  to  them  an  intensely  deep 
brownish- red  color,  owing  to  a reduction  of  the  peroxide  or 
bichloride  of  platinum,  to  protoxide  or  simple  chloride. 

Recapitulation  and  remarks. — The  reactions  of  gold  and  plati- 
num, or  at  least  some  of  them,  are  sufficiently  characteristic 
for  the  detection  of  these  two  metals,  even  though  many  other 
oxides  he  present,  but  more  particularly  to  their  individual  detec- 
tion when  present  in  the  same  solution.  Protochloride  of  tin  and 
protoxide  of  iron  are  the  most  characteristic  reagents  for  gold  ; 
potass  and  ammonia  in  presence  of  free  hydrochloric  acid, 
are  the  most  positive  tests  for  platinum,  or,  what  comes  to 
the  same  point,  chloride  of  potassium  and  chloride  of  ammo- 
nium. 

§ 95. 

Second  Section  of  the  Sixth  Group. 

Special  Reactions, 
a.  OXIDE  OF  ANTIMONY.  (Sb  03.) 

1.  The  oxide  of  antimony  presents,  according  to  the  mode  of 
its  preparation,  either  white,  brilliant,  crystalline  needles,  or  a 
greyish  white  powder.  It  fuses  at  a gentle  red  heat,  and  when 
exposed  to  a higher  temperature,  volatilizes  unaltered.  It  is  in- 
soluble in  nitric  acid,  but  dissolves  readily  in  hydrochloric  and 
tartaric  acid.  Oxide  of  antimony  is  readily  reduced  to  the  metallic 
state  by  fusion  with  cyanide  of  potassium. 

2.  Part  of  the  salts  of  oxide  of  antimony  are  decomposed  upon 
ignition  ; the  haloid  salts  volatilize  readily,  and  unaltered.  The 
soluble  neutral  salts  of  antimony  redden  litmus  paper.  When 
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treated  with  a large  amount  of  water,  they  are  resolved  into  in- 
soluble basic  and  soluble  acid  salts.  Thus,  for  instance,  water 
throws  down  from  solutions  of  protochloride  ol  antimony  in 
hydrochloric  acid,  a white  bulky  precipitate  of  basic  chloride  of 
antimony  (powder  of  Algaroth)  Sb  Cl3,  5 Sb  03,  which  after  some 
time  becomes  heavy  and  crystalline.  Tartaric  acid  dissolves 
this  precipitate  readily,  and  of  course  prevents  its  formation 
if  mixed  with  the  solution  previously  to  the  addition  of  the 
water.  It  is  by  this  property  that  the  basic  protochloride  ol 
antimony  is  distinguished  from  the  basic  salts  of  bismuth  formed 
under  analogous  circumstances. 

3.  Sulphuretted  hydroyen  precipitates  from  acid  solutions  of 
oxide  of  antimony,  the  whole  of  this  metal,  as  orange-red  proto- 
sulphuret  of  antimony  (Sb  S3).  In  alkaline  solutions,  this 
reagent  fails  to  precipitate,  or,  at  least,  it  fails  to  precipitate  the 
whole  of  the  antimony  present ; neutral  solutions  likewise  are  but 
imperfectly  precipitated  by  sulphuretted  hydrogen.  The  precipi- 
tated protosulphuret  of  antimony  is  readily  redissolved  by  potass 
and  by  alkaline  sulphurets.  especially  if  the  latter  contain  an  excess 
of  sulphur,  whilst  it  is  but  scantily  soluble  in  ammonia,  and  al- 
most insoluble  in  bicarbonate  of  ammonia,  that  is,  if  the  precipitate 
is  free  from  any  admixture  of  sulphur,  and  also  of  sulphan- 
timonious  and  sulpliantimonic  acid.  It  is  insoluble  in  dilute 
acids.  Concentrated  boiling  hydrochloric  acid  dissolves  it,  with 
evolution  of  sulphuretted  hydrogen  gas.  When  heated  in  the  air, 
it  is  converted  into  a mixture  of  antimonious  acid  with  proto- 
sulphuret of  antimony.  When  deflagrated  with  nitrate  of  potass, 
it  yields  sulphate  of  potass  and  antimoniate  of  potass.  If  a potass 
solution  of  protosulphuret  of  antimony  be  boiled  with  oxide  of 
copper,  sulphuret  of  copper  will  precipitate,  and  oxide  of  anti- 
mony dissolved  in  potass  will  remain  in  solution.  If  sulphuret 
of  antimony  be  fused  in  conjunction  with  cyanide  of  potas- 
sium, metallic  antimony  and  sulphocyanide  of  potassium  will 
be  produced.  If  the  operation  be  conducted  in  a small  tube  ex- 
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panded  into  a bulb  at  the  lower  end,  or  in  a stream  of  carbonic 
acid  gas  (vide  § 95.  d.  10)  no  sublimate  of  antimony  will  be 
produced.  But  if  a mixture  of  sulpliuret  of  antimony  with  carbo- 
nate of  soda,  or  of  cyanide  of  potassium  and  carbonate  of  soda, 
be  heated  in  a glass  tube,  in  a stream  of  hydrogen,  (compare  § 95. 
d.  3.)  a mirror  of  antimony  will  be  deposited  on  the  inner  surface 
of  the  tube,  close  behind  the  spot  occupied  by  the  mixture. 

4.  Hydro  sulphur et  of  ammonia  produces  an  orange-red  pre- 
cipitate of  protosulphuret  of  antimony,  which  redissolves 
readily  in  an  excess  of  the  precipitant,  if  the  latter  contains  an  ex- 
cess of  sulphur.  Acids  re-precipitate  the  protosulphuret  of  anti- 
mony unaltered  from  this  solution  ; but  this  second  precipitate 
contains  an  admixture  of  sulphur  which  makes  its  color  appear 
somewhat  lighter  than  that  of  the  first. 

5.  Potass , ammonia , carbonate  of  potass , and  carbonate  of 
ammonia , throw  down  from  the  solutions  of  protochloride  of 
antimony,  also  from  solutions  of  simple  salts  of  antimony, — 
but  not,  at  least,  not  immediately,  from  solutions  of  tartar  emetic 
or  analogous  compounds, — a white  and  bulky  precipitate  of 
oxide  of  antimony,  which  redissolves  readily  in  an  excess  of 
potass,  but  requires  the  application  of  heat  for  its  re-solution  in 
carbonate  of  potass  or  carbonate  of  ammonia,  and  is  altogether 
insoluble  in  an  excess  of  ammonia. 

6.  Metallic  zinc  precipitates  from  all  solutions  of  oxide  of 
antimony,  unless  containing  free  nitric  acid,  metallic  antimony 
as  a black  powder.  Should  the  solution  under  examination  con- 
tain free  nitric  acid,  oxide  of  antimony  will  precipitate  in  con- 
junction with  the  metal. 

7.  When  a solution  of  oxide  of  antimony  is  brought  into  con- 
tact with  zinc  and  sulphuric  acid,  the  zinc  oxidizes  not  only  at 
the  expense  of  the  oxygen  of  the  water,  but  also  at  the  ex- 
pense of  that  of  the  oxide  of  antimony,  and  the  antimony 
separates  in  a metallic  state ; but  a portion  of  the  metal 
combines  in  the  moment  of  its  separation  with  the  liberated 
hydrogen  of  the  water.  Antimoniuretted  hydrogen  (Sb  H3.) 
If  this  operation  be  conducted  in  a gas-evolution  flask,  connected 
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by  means  of  a perforated  cork  with  the  one  limb  of  a bent  tube, 
of  which  the  other  limb  ends  in  a finely  drawn-out  point,  pinched 
off  at  the  top,#  and  the  hydrogen  passing  through  the  line 
aperture  of  the  tube,  be  kindled,  after  all  atmospheric  air  has 
been  previously  expelled,  the  flame  will  appear  of  a bluish-green 
tint,  which  is  imparted  to  it  by  the  antimony  separating  in  a state 
of  intense  ignition  upon  the  combustion  of  the  antimoniuretted 
hydrogen  ; white  fumes  of  oxide  of  antimony  rise  from  the  flame, 
which  condense  readily  upon  cold  substances,  and  are  not  dis- 
solved by  water.  If  a cold  substance  (such  as  a porcelain  plate) 
be  now  depressed  upon  the  flame,  metallic  antimony  will  be 
deposited  upon  the  surface  of  the  plate,  in  a state  of  the  most  mi- 
nute division,  forming  a deep  black  and  almost  lustreless  spot.  II 
the  tube  through  which  the  gas  is  passing  be  heated  to  redness, 
in  the  centre,  the  bluish-green  tint  of  the  flame  will  decrease  in 
intensity,  and  a metallic  mirror  of  antimony  of  silvery  lustre  will 
form  within  the  tube  on  both  sides  of  the  ignited  part.  If  a 
stream  of  dry  sulphuretted  hydrogen  be  now  very  slowly  trans- 
mitted through  this  tube,  and  the  mirror  be  heated  by  means  of  a 
simple  spirit-lamp,  proceeding  from  its  outer  towards  its  inner 
extremity,  that  is,  in  an  opposite  direction  to  that  of  the  gas 
stream,  the  mirror  of  antimony  will  become  converted  into  sulphu- 
red of  antimony,  which  appears  of  a more  or  less  reddish-yellow 
color,  and  almost  black  when  in  thick  layers.  If  a feeble  stream 
of  dry  hydrochloric  acid  gas  be  transmitted  through  the  same 
glass  tube,  the  sulphuret  of  antimony  will  disappear  immediately, 
when  present  in  thin  layers  only,  and,  after  a few  seconds,  when 
the  incrustation  is  somewhat  thicker.  The  reason  for  this  is, 
that  the  sulphuret  of  antimony  transposes  readily  with  hydrochloric 
acid,  and  the  protochloride  of  antimony  formed  is  exceedingly 
volatile  in  a stream  of  hydrochloric  acid  gas.  If  this  gas  stream 

* In  accurate  and  precise  experiments  it  is  necessary  to  transmit  the  gas 
first  through  another  tube,  loosely  filled  with  cotton,  to  prevent  any  moisture 
being  carried  into  the  final  exit  tube.  Compare  the  engraving  of  Marsh’s 
apparatus,  § 95-  d • 8- 
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be  now  transmitted  through  water,  the  presence  of  antimony 
in  the  latter  may  readily  be  proved  by  means  of  sulphuretted 
hydrogen.  By  this  combination  of  reactions,  antimony  may  be 
distinguished  with  positive  certainty  from  ail  other  metals. 

8.  If  compounds  of  antimony,  mixed  with  carbonate  of  soda 
and  cyanide  of  potassium , be  exposed  on  a charcoal  support, 
to  the  reducing  flame  of  the  blow-pipe , brittle  globules  of  me- 
tallic antimony  will  be  produced,  attended  with  volatilization 
of  the  reduced  and  reoxidized  metal,  which  continues  still 
some  time  after  the  removal  of  the  sample  from  the  flame, 
and  is  more  particularly  manifest  when  a stream  of  air  is  directed, 
by  means  of  the  blow-pipe,  upon  the  surface  of  the  cooling  mass. 
The  oxide  of  antimony  formed  is  partly  deposited  on  the  charcoal 
as  a white  crust,  and  partly  surrounds  the  metallic  globules  in 
the  form  of  fine  crystalline  needles. 

b.  protoxide  of  tin.  (Sn  0.) 

1.  Protoxide  of  tin  is  a black  or  greyish-black  powder;  its  hy- 
drate is  white.  Protoxide  of  tin  is  readily  reduced  by  fusion 
with  cyanide  of  potassium.  It  is  readily  soluble  in  hydrochloric 
acid.  Nitric  acid  converts  it  into  peroxide  of  tin,  which  is 
insoluble  in  an  excess  of  the  acid. 

2.  The  protosalts  of  tin  are  colorless,  and  are  decomposed  by  heat. 
The  soluble  salts  in  the  neutral  state  redden  litmus  paper.  The 
addition  of  water  to  solutions  of  neutral  protosalts  of  tin  pro- 
duces turbidity  and  milkiness  in  them ; this  is  owing  to  the 
re- solution  of  the  neutral  salt  into  a soluble  acid,  and  an  insoluble 
basic  salt ; the  solution  clears  again  upon  addition  of  hydro- 
chloric acid. 

3.  Sulphuretted  hydrogen  throws  down  from  neutral  and  acid 
solutions  of  protosalts  of  tin  a dark  brown  precipitate  of  proto- 
sulphuret  of  tin,  (Sn  S,)  which  is  soluble  in  potass  and  in 
alkaline  sulphurets,  especially  in  those  of  the  higher  class,  and 
equally  so  in  concentrated  boiling  hydrochloric  acid.  Boiling 
nitric  acid  converts  it  into  insoluble  peroxide  of  tin.  Alkaline 
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sol  uti oils  of  protosalts  of  tin  are  not,  or,  tit  any  rate,  but  imper- 
fectly precipitated  by  sulphuretted  hydrogen. 

4.  llydrosulphuret  of  ammonia  produces  the  same  precipitate 
of  sulphuret  of  tin.  This  precipitate  redissolves  with  very 
great  difficulty  in  an  excess  of  the  precipitant ; but  it  redissolves 
readily  in  hvdrosulphuret  of  ammonia  containing  an  excess  of 
sulphur,  (which  may  be  at  once  seen  by  the  yellow  color  of  the 
reagent,)  or  to  which  a small  amount  of  finely-levigated  sulphur 
has  been  added.  From  this  solution  in  sulphuretted  hydrosul- 
phuret  of  ammonia,  acids  precipitate  yellow  bisulphuret  of  tin  in 
conjunction  with  sulphur. 

5.  Potass,  ammonia,  carbonate  of  potass,  and  carbonate  of 
ammonia,  produce  a white  and  bulky  precipitate  of  hydrated 
protoxide  of  TIN,  (Sn  O,  H 0,)  which  redissolves  readily  in  an 
excess  of  potass,  but  is  insoluble  in  an  excess  of  the  other  three 
precipitants.  Upon  heating  a concentrated  solution  of  the  hy- 
drated protoxide  of  tin  in  potass,  the  protoxide  is  resolved  into 
peroxide,  which  remains  in  solution,  and  metallic  tin,  which  sepa- 
rates in  the  form  of  brown  flakes. 

6.  Per  chloride  of  gold  produces  in  solutions  of  protochloride 
or  protoxide  of  tin,  upon  the  addition  of  some  nitric  acid,  (without 
application  of  heat),  a precipitate  or  coloration  of  purple  of 
CAsaius,  (compare  § 94,  a.,  7.) 

7.  Solution  of  perchloride  of  mercury , when  added  in  excess, 
produces  in  solutions  of  protochloride  or  protoxide  of  tin,  a white 
precipitate  of  protochloride  of  mercury,  owing  to  the  proto- 
salt of  tin  withdrawing  from  the  perchloride  of  mercury  one  half 


of  its  chlorine. 

8.  If  proto-compounds  of  tin  be  mixed  with  carbonate  of  soda 
and  some  borax,  or,  better  still,  with  equal  parts  of  carbonate  of 
soda  and  cyanide  of  potassium,  and  the  mixture  be  subsequently 
exposed  on  a charcoal  support  to  the  inner  blow-pipe  flame , duc- 
tile grains  of  metallic  tin  will  be  obtained,  unattended  with  any 
incrustation  of  the  charcoal.  The  best  way  of  freeing  these 
grains  of  metallic  tin  from  the  surrounding  particles  of  charcoal, 
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is  to  triturate  the  whole  mass  with  water,  in  a small  mortar — 
(in  which  operation  some  force  should  he  used)  —and  to  wash 
subsequently  the  charcoal  powder  off  from  the  metallic  particles. 

C.  PEROXIDE  OF  TIN.  (Sll  02.) 

1.  Peroxide  of  tin  exists  in  two  modifications  which  present  a 
different  deportment  with  solvents.  The  peroxide  precipitated 
from  persalts  of  tin  by  alkalies,  is  readily  soluble  both  in  potass 
and  acids,  but  the  peroxide  produced  by  the  oxidation  of  metallic 
tin  with  nitric  acid  is  insoluble  in  potass  and  acids,  the  precipitated 
peroxide  also  becomes  insoluble  upon  ignition.  The  insoluble 

modification  is  rendered  soluble  by  fusion  with  carbonate  of 

% 

soda. 

2.  The  persalts  of  tin  are  colorless,  and  are  decomposed  at  a 
red-heat.  The  soluble  persalts  of  tin  in  the  neutral  state  redden 
litmus  paper. 

3.  Sulphuretted  hydrogen  throws  down,  from  acid  and  neutral 
solutions,  a yellow  precipitate  of  bisulphuret  of  tin,  (Sn  S2.) 
The  application  of  heat  promotes  the  formation  of  this  precipitate. 
Alkaline  solutions  are  not  precipitated  by  this  reagent.  The 
bisulphuret  of  tin  dissolves  readily  in  potass,  alkaline  sulphurets, 
and  concentrated  boiling  hydrochloric  acid.  It  dissolves  with 
difficulty  in  pure  ammonia  and  in  carbonate  of  ammonia.  Nitric 
acid  converts  it  into  insoluble  peroxide  of  tin.  Upon  deflagrat- 
ing bisulphuret  of  tin  with  nitrate  of  potass,  sulphate  of  potass 
and  stannate  of  potass  are  produced.  When  a solution  of 
bisulphuret  of  tin  in  potass  is  boiled  with  oxide  of  copper, 
sulphuret  of  copper  and  peroxide  of  tin  are  formed,  the  latter 
substance  remaining  dissolved  in  the  potass  solution. 

4.  Hydro  sulphuret  of  ammonia  produces  the  same  precipitate 
of  bisulphuret  of  tin,  which  redissolves  readily  in  an  excess  of 
the  precipitant.  From  this  solution  acids  reprecipitate  the  bisul- 
phuret of  tin  unaltered. 

5.  Potass  and  ammonia,  carbonate  of  potass,  and  carbonate 
of  ammonia , precipitate  white  hydrated  peroxide  of  tin,  (Sn 
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02,  HO,)  which  redissolves  readily  in  an  excess  of  potass.  It 
is  more  sparingly  soluble  in  ammonia,  and  most  so  in  alkaline 
carbonates. 

6.  Metallic  zinc  precipitates  from  solutions  of  perchloride  or 
persalts  of  tin,  which  contain  no  free  nitric  acid,  metallic  tin 
in  the  shape  of  small  grey  scales,  or  as  a spongy  mass.  Should 
free  nitric  acid  be  present  in  the  solution  under  examination, 
white  hydrated  peroxide  of  tin  will  precipitate  instead,  or  a 
mixture  of  metallic  tin  with  hydrated  peroxide. 

7.  The  compounds  of  the  peroxide  of  tin  manifest  the  same 
deportment  before  the  blow-pipe  as  the  proto-compounds. 

d.  arsenious  acid.  (As  03.) 

1.  Arsenious  acid  appears  generally  either  as  a transparent 
vitreous,  or  as  a white  porcelain-like  mass;  when  levigated,  it 
forms  a heavy  white  powder;  when  heated,  it  volatilizes  in  white 
inodorous  fumes.  It  is  difficultly  soluble  in  cold,  but  more 
readily  so  in  hot  water.  Hydrochloric  acid  and  potass  dissolve 
it  copiously. 

2.  The  arsenites  are  resolved  upon  ignition  mostly  into  more 
fixed  arseniates,  and  into  metallic  arsenic,  which  volatilizes.  None 
of  the  arsenites,  except  those  with  alkaline  bases,  are  soluble  in 
water.  The  insoluble  arsenites  are  dissolved,  or,  at  least,  decom- 
posed bv  hydrochloric  acid. 

3.  Sulphuretted  hydrogen  precipitates  the  solutions  of  arsenious 
acid  and  of  neutral  arsenites,  slowly  and  imperfectly,  except  a free 
acid  be  present,  when  the  precipitation  will  be  immediate  and 
perfect.  Alkaline  solutions  are  not  precipitated.  The  precipi- 
tates are  of  a vividly  yellow  color;  they  consist  of  sulphar- 
senious  acid,  (As  S3,)  and  are  readily  and  completely  redis* 
solved  by  pure  alkalies,  alkaline  carbonates,  and  bicarbonates,  and 
likewise  by  alkaline  sulphurets,  but  are  nearly  altogether  insoluble 
in  hydrochloric  acid.  Boiling  nitric  acid  decomposes  and  dis- 
solves sulpharsenious  acid  readily.  The  deflagration  of  sulphar- 
senious  acid  with  carbonate  of  soda  and  nitrate  of  potass  gives 
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rise  to  the  formation  of  an  alkaline  arseniate  and  sulphate.  When  a 
solution  of  sulpharsenious  acid  in  potass  is  boiled  with  oxide  of 
copper,  sulphuret  of  copper  and  arseniate  of  potass  are  formed. 
Upon  boiling  a similar  solution  with  a hydrated  carbonate  or 
basic  nitrate  of  bismuth,  sulphuret  of  bismuth  and  arsenious  acid 
are  produced.  If  a mixture  of  sulpharsenious  acid,  with  from 
three  to  four  parts  of  carbonate  of  soda,  and  some  water,  to  form 
it  into  a paste,  he  spread  over  some  small  glass  splinters,  and 
the  latter,  after  having  been  well  dried,  rapidly  heated  to  redness, 
in  a glass  tube,  through  which  dry  hydrogen  gas  is  transmitted, 
the  whole  of  the  arsenic  present  will  he  reduced  to  the  metallic 
state,  and  expelled.  Part  of  the  reduced  arsenic  forms  a metallic 
mirror  on  the  inner  surface  of  the  tube,  the  rest  is  carried  away, 
suspended  in  the  hydrogen  gas ; the  suspended  minute  particles 
of  arsenic  impart  a bluish  tint  to  the  flame  of  the  hydrogen  when 
kindled,  and  form  stains  of  arsenic  upon  the  surface  of  a porce- 
lain plate  depressed  upon  the  flame.  It  is  erroneous  to  suppose 
that  arseniuretted  hydrogen  is  formed  in  this  process,  although  this 
might  seem  to  be  the  case  from  the  circumstance  that,  upon 
heating  another  part  of  the  tube  to  redness,  a fresh  metallic 
mirror  will  be  produced  immediately  behind  the  ignited  place  ; 
hut  this  is  simply  owing  to  the  suspended  particles  of  arsenic 
being  reconverted  into  arseniacal  fumes,  which  subsequently  con- 
dense upon  the  cold  part  of  the  tube.  That  this  is  in  reality 
the  case,  may  he  readily  ascertained  by  conducting  the  hydrogen 
gas  charged  with  the  particles  of  arsenic,  through  water,  and  sub- 
sequently through  a long  tube,  filled  with  moistened  cotton;  if 
this  be  done,  pure  hydrogen  gas  will  escape  from  the  emission 
tube,  and  all  the  arsenic  will  be  retained  by  the  water  and  the 
cotton  in  the  form  of  a black  powder.  The  fusion  of  two 
equivalents  of  sulpharsenious  acid,  with  four  equivalents  of 
soda,  gives  rise  at  first  to  the  formation  of  a double  sulphuret 
of  arsenic  and  sodium,  and  of  arsenite  of  soda.  Upon  heating 
these  products  subsequently  in  hydrogen  gas,  the  arsenious  acid 
alone  undergoes  reduction,  at  first ; but  upon  the  application  of 
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a more  intense  heat,  the  sulpliarsenious  acid  likewise  is  finally 
reduced  to  the  metallic  state.  This  method  of  reduction  yields 
indeed  very  accurate  results,  hut  it  does  not  enable  us  to  distin- 
guish arsenic  from  antimony  with  a sufficient  degree  of  safety, 
nor  to  pronounce  positively  upon  the  presence  or  absence  of 
arsenic  in  cases  where  antimony  also  happens  to  be  present, 
(compare  § 95,  a .,  3.) 

The  operation  is  to  be  conducted  in  the  apparatus  illustrated 
by 

PLATE  IV. 


a/ 


a is  the  evolution  flask,  b a tube  containing  chloride  of  calcium, 
c the  tube  in  which,  at  the  point  cl,  the  glass  splinter  with  the 
mixture  of  sulpliarsenious  acid  and  carbonate  of  soda  is  placed. 
As  soon  as  the  apparatus  is  completely  filled  with  pure  hydrogen 
gas,  d is  exposed  at  first  to  a gentle  heat,  in  order  to  expel  all 
the  moisture  which  may  still  happen  to  be  present,  and  then  sud- 
denly to  a very  intense  heat,  to  prevent  the  sublimation  of  unde- 
composed sulphuret  of  arsenic.  The  metallic  mirror  is  deposited 
near  the  point  e ; the  sudden  application  of  a very  intense  heat  is 
best  effected  by  means  of  the  blow-pipe.  A new  method  of  effect- 
ing the  reduction  of  sulphuret  of  arsenic  to  the  metallic  state, 
and  which  combines  with  the  very  highest  degree  of  susceptibility 
this  advantage,  that  it  precludes  the  possibility  of  confounding 
arsenic  with  antimony,  will  be  found  described  at  § 95,  d.,  10. 
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4.  Hydro  sulphur  et  of  ammonia  produces  likewise,  a precipitate 
of  sulpharsenious  acid.  In  neutral  and  alkaline  solutions, 
however,  the  sulpharsenious  acid,  instead  of  precipitating,  remains 
dissolved  as  a double  sulpliuret  of  arsenic  and  ammonium,  hut  it 
precipitates  from  this  solution  immediately  upon  the  addition  of 
a free  acid. 

5.  Nitrate  of  silver  produces  in  neutral  solutions  of  the  arse- 
nites,  a yellow  precipitate  of  arsenite  of  silver,  (2  Ag  O,  As 
03,)  which  is  soluble  both  in  dilute  nitric  acid  and  in  ammonia. 
Ammonio-nitrate  of  silver  produces  the  same  precipitate  in  solu- 
tions of  arsenious  acid,  or  of  arsenites,  when  containing  free 
acid. 

6.  Sulphate  of  copper  and  ammonio- sulphate  of  copper  pro- 
duce, under  the  same  circumstances  as  the  salts  of  silver,  yellow- 
green  precipitates  of  arsenite  of  copper,  (2  Cu  O,  As  03). 

7.  If  to  a solution  of  arsenious  acid  in  an  excess  of  caustic 
potass  ley , or  to  the  solution  of  an  alkaline  arsenite,  mixed 
with  caustic  potass,  a few  drops  of  a dilute  solution  of  sulphate 
copper  be  added,  and  the  mixture  subsequently  boiled,  a red 
precipitate  of  suboxide  of  copper  will  fall  down,  and  the 
solution  will  now  contain  arseniate  of  potass.  This  reaction 
is  exceedingly  delicate,  provided  a minute  quantity  only  of  solu- 
tion of  sulphate  of  copper  he  used.  Even  should  the  red  preci- 
pitate of  suboxide  of  copper  he  so  exceedingly  minute  as  to 
escape  detection  in  transmitted  light,  yet  it  will  he  discernible 
still  with  great  distinctness  upon  looking  in  at  the  top  of  the  test 
tube.  Of  course  this  reaction,  although  of  really  great  import- 
ance in  certain  instances,  as  a confirmatory  proof  of  the  presence 
of  arsenious  acid,  and  more  particularly  as  a means  of  distin- 
guishing arsenious  acid  from  arsenic  acid,  is  yet  utterly  inap- 
plicable for  the  direct  detection  of  arsenic,  since  grape  sugar  and 
other  organic  substances  separate  likewise  and  in  the  same  man- 
ner suboxide  of  copper  from  salts  of  copper. 

8.  If  an  acid  or  neutral  solution  of  arsenious  acid,  or  of  an 
arsenite,  be  mixed  with  zinc,  water,  and  sulphuric  acid , arse- 
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niuretted  hydrogen  (As  Hs)  will  be  formed,  in  the  same 
manner  as  compounds  of  antimony,  under  analogous  circum- 
stances, yield  antimoniuretted  hydrogen.  Compare  § bo,  a.  7. 
This  deportment  of  arsenic  affords  us  a most  delicate  test  for  the 
detection  of  this  substance,  and  likewise  a very  valuable  means 
to  effect  its  isolation. 

The  process  is  invariably  conducted  in  the  apparatus  illustrated 
by  Plate  V.,  and  which  has  already  been  alluded  to  at  § 95,  a.  7. 
(Oxide  of  antimony.) 

PLATE  V. 


a is  the  evolution  flask,  containing  water  and  fragments  of  me- 
tallic zinc  ; b is  a funnel  tube,  through  which  the  sulphuric  acid, 
and  subsequently  the  fluid  to  be  tested  for  arsenic,  are  poured 
into  the  flask ; c is  a glass  tube,  loosely  filled  with  cotton,  or, 
better  still,  with  fragments  of  fused  chloride  of  calcium,  and  to 
which  a bent  tube  (d  e)  of  difficultly  fusible  glass,  is  fitted 
by  means  of  a perforated  cork  ; the  limb  c of  this  tube  is  drawn 
out  into  a point,  and  pinched  off  at  the  top.  When  the  evolu- 
tion of  hydrogen  has  proceeded  for  a considerable  time,  so  that 
it  may  safely  be  concluded  that  all  atmospheric  air  has  been 
expelled  from  the  apparatus,  the  gas  is  kindled  at  the  aperture  of 
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the  tube  d e.  (It  is  advisable  to  envelope  the  flask  with  a piece 
of  cloth  before  kindling  the  gas,  as  an  effectual  means  of  prevent* 
ing  accidents  should  an  explosion  take  place.)  It  is  now  abso- 
lutely necessary  to  ascertain,  first,  whether  the  zinc  and  the 
sulphuric  acid  are  quite  free  from  any  admixture  of  arsenic.  This 
is  effected,  1st,  by  depressing  a porcelain  plate  upon  the 
flame;  and,  2nd,  by  heating  the  central  part  of  the  tube  d e to 
redness,  for  which  purpose  the  limb  e is  to  be  turned  into  a hori- 
zontal position.  If  no  incrustation  appear,  either  on  the  plate 
or  within  the  tube,  this  may  be  considered  a proof  of  the  perfect 
purity  of  the  zinc  and  sulphuric  acid  from  the  slightest  admixture 
of  arsenic.  The  fluid  to  he  tested  is  then  introduced  into  the 
flask  through  the  funnel  tube.  Should  it  contain  arsenic,  arse- 
niuretted  hydrogen  will  he  evolved  in  conjunction  with  the 
hydrogen ; and  this  arseniuretted  hydrogen  will  impart  a bluish 
tint  to  the  flame,  owing  to  the  separation  and  ignition 
of  the  arsenic  in  the  flame.  At  the  same  time  white  fumes 
of  arsenious  acid  arise  from  the  flame,  which  condense  upon 
cold  objects.  If  a porcelain  plate  be  now  depressed  upon  the 
flame,  the  separated  and  not  yet  reoxidized  arsenic  will  condense 
upon  the  plate  in  the  form  of  black  spots.  (Vide  antimony, 
§ 95,  a.  7.)  The  spots  formed  by  arsenic  are  of  a rather 
blackish-brown  color,  and  bright  metallic  lustre ; whilst  those  of 
antimony  are  of  a deep  black  color,  and  but  feebly  lustrous.  If 
the  central  part  of  the  limb  d be  heated  to  redness,  the  arsenic 
will  condense  in  the  cold  part  of  the  tube,  forming  a particularly 
beautiful  and  distinct  metallic  mirror,  which  is  of  darker  and  less 
silvery  white  hue  than  that  formed  by  antimony  under  similar 
circumstances,  and  may  be,  moreover,  distinguished  from  the 
latter  by  the  characteristic  odor  of  garlic,  which  becomes  manifest 
upon  cutting  the  tube  off  close  to  the  mirror,  and  volatilizing  the 
latter  in  the  air,  by  the  application  of  heat.  Should  the  forma- 
tion of  metallic  spots  upon  the  porcelain  plate  seem  to  indicate 
the  presence  of  arsenic,  it  will  be  necessary  still  to  ascertain  be- 
yond the  possibility  of  a doubt  whether  these  spots  consist  in 
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reality  of  arsenic  ami  not  of  antimony  ; for  even  the  characteristic 
odor  of  garlic  is  not  sufficient  to  set  at  rest  every  douht  upon 
this  point.  The  following  methods  are  best  adapted  to  lead  to 
a positive  conviction  in  this  respect. 

a.  The  central  part  of  the  tube  through  which  the  arseniuretted 
hydrogen  passes,  is  heated  to  redness  to  produce  a distinct  me- 
tallic mirror.  A very  feeble  stream  of  dry  sulphuretted  hydrogen 
is  then  transmitted  through  the  tube,  and  the  metallic  mirror 
heated  by  means  of  a spirit-lamp,  from  its  outer  towards 

its  inner  extremity.  If  arsenic  alone  be  present,  yellow 
sulpliuret  of  arsenic  will  be  formed  within  the  tube  ; if  antimony 
alone  be  present,  an  orange  or  black  sulpliuret  of  antimony  will 
be  produced;  but  if  the  mirror  consist  of  both  metals  jointly,  the 
two  sulphurets  will  appear  side  by  side,  the  sulpliuret  of  arsenic 
as  the  more  volatile,  lying  invariably  before  the  sulpliuret  of  anti- 
mony. Not  long  ago,  this  conversion  of  antimony  and  arsenic 
into  sulphurets  was  suggested  as  the  surest  means  of  distinguish- 
ing these  two  metals  from  one  another.  Experience  has,  however, 
taught  us  that  the  differences  which  the  two  sulphurets  exhibit  in 
color  and  volatility  are  not  striking  enough  to  prevent  the  possibility 
of  mistakes.  But  if  dry  hydrochloric  acid  gas  be  now  transmitted 
through  the  tube  (containing  the  sulpliuret  of  arsenic  or  sulpliuret 
of  antimony,  or  both  sulphurets  together)  without  application  of 
heat,  no  alteration  whatever  will  take  place  if  sulpliuret  of 
arsenic  alone  is  present,  even  though  the  gas  be  transmitted 
through  the  tube  for  a considerable  time.  If  sulpliuret  of  anti- 
mony alone  is  present,  this  will  entirely  disappear,  and  if  both  sul- 
phurets are  present,  the  sulpliuret  of  antimony  will  immediately 
volatilize,  whilst  the  yellow  sulpliuret  of  arsenic  will  remain.  If  a 
small  quantity  of  ammonia  be  then  introduced  into  the  tube,  the 
sulpliuret  of  arsenic  will  be  dissolved,  and  may  thus  be  readily 
distinguished  from  sulphur  which  perhaps  may  have  separa- 
ted. My  personal  experience  has  convinced  me  of  the  infallibility 
of  these  combined  tests  for  the  detection  of  arsenic. 

b . The  limb  c is  turned  into  an  horizontal  position,  and  the  gas 
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kindled  and  made  to  bum  in  a glass  flask,  having  a capacity  of 
about  twelve  ounces.  This  flask  is  placed  in  a beaker  glass  filled 
with  cold  water,  and  is  constantly  kept  turning  to  prevent  its 
becoming  hot.  After  some  time,  when  the  oxygen  in  the  flask  is 
nearly  exhausted,  and  the  flame  grows  feeble,  another  flask  is  sub- 
stituted for  the  first,  and  a third  subsequently  for  the  second,  &c. 
&c.  These  flasks  contain  now,  either  arsenious  acid  alone,  or  ox- 
ide of  antimony  alone,  or  a mixture  of  both  substances.  If  the 
first  be  the  case,  the  white  sublimate  obtained  will  completely  dis- 
solve in  hot  water,  and  the  solution  may  then  be  tested  with  other 
appropriate  reagents  to  confirm  the  presence  of  arsenic.  In  the 
second  case  nothing  will  dissolve,  nor  in  the  third,  if  the  oxide  of 
antimony  is  present  in  sufficient  quantity,  since  in  that  case 
arsenite  of  antimony  will  be  formed.  The  arsenic  in  this  last  case 
may  be  detected  by  dissolving  the  sublimate  in  a small  portion  of 
dilute  solution  of  potass,  and  adding  to  the  solution  sulphuretted 
hydrogen,  and  subsequently  bicarbonate  of  ammonia  in  excess. 
Upon  this,  the  whole  of  the  antimony  will  precipitate  as  sulphuret 
of  antimony,  whilst  the  sulphuret  of  arsenic  remains  dissolved  in 
the  excess  of  bicarbonate  of  ammonia,  whence  it  precipitates  upon 
the  addition  of  hydrochloric  acid  to  acid  reaction.  This  method 
is  inferior  to  that  described  sub  a.— Marsh  was  the  first  who 
suggested  the  method  of  detecting  arsenic  by  the  production  of 
arseniuretted  hydrogen. 

9.  If  a perfectly  dry  mixture  of  arsenious  acid,  or  an  arsenite 
with  carbonate  of  soda  and  charcoal  be  introduced  into  a well- 
dried  glass  tube,  drawn  out  and  closed  at  one  end,  and  then  heated 
to  redness  over  a spirit-lamp,  proceeding  from  the  commencement 
of  the  small  part  towards  the  closed  extremity,  the  charcoal  will 
oxidize  at  the  expense  of  the  oxygen  of  the  arsenious  acid, 
and  arsenic  will  be  liberated,  which  volatilizes  and  re-condenses 
above  the  heated  part  of  the  tube,  forming  a more  or  less  dark- 
brown  metallic  mirror  of  great  lustre.  This  mirror  may  be  driven 
further  along  in  the  tube  by  heat,  and  may  thus  finally  be  alto- 
gether expelled  when,  upon  its  volatilization  in  the  air,  the 
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characteristic  odor  of  arsenic  will  afford  further  confirmation  of 
the  presence  of  this  substance.  For  the  reduction  of  free  ar- 
senious  acid,  a fragment  of  charcoal  is  used,  instead  of  carbonate 
of  soda  and  charcoal ; the  arsenious  acid  is  introduced  into  the 
drawn-out  point  of  the  tube,  the  fragment  of  charcoal  is  pushed 
over  it  and  ignited,  and  heat  is  then  applied  to  the  point  of  the 
tube.  This  process  has  this  advantage  over  the  former,  that 
charcoal  is  less  likely  to  soil  the  tube  than  carbonate  of  soda  and 
charcoal.  The  non-formation  of  a metallic  mirror,  when  testing 
a supposed  arsenite  with  carbonate  of  soda  and  charcoal,  is  not 
always  a positive  proof  that  no  arsenic  is  present,  since  there  are 
several  compounds  of  arsenious  acid,  and  more  particularly  those 
with  heavy  metallic  oxides,  e.  g.  peroxide  of  iron,  which  do  not 
yield  distinct  metallic  mirrors  ; it  is  therefore  necessary  to  ascer- 
tain  first,  whether  the  arsenite  in  question  may  not  belong  to  the 
latter  class,  before  the  non-formation  of  a mirror  can  he  con- 
sidered as  a positive  proof  of  the  absence  of  arsenic. 

10.  Upon  fusing  arsenious  acid,  or  arsenites,  or  a sulphuret  of 
arsenic  with  a mixture  of  equal  parts  of  dry  carbonate  of  soda  and 
cyanide  of  potassium,  the  whole  of  the  arsenic  is  invariably 
reduced  to  the  metallic  state,  and  so  are  the  others  easily  reduce- 
able  bases  ; the  eliminated  oxygen  converts  part  of  the  cyanide  of 
potassium  into  cyanate  of  potass — the  eliminated  sulphur  (in  the 
case  of  sulphurets  of  arsenic)  converts  the  cyanide  into  sulpho- 
cyanide  of  potassium.  The  operation  is  conducted  as  follows  : — 
the  arsenical  compound  under  examination  is  introduced,  in  a state 
of  perfect  dryness,  into  a small  glass  tube,  expanded  into  a bulb  at 
one  end,  and  then  covered  with  six  times  its  quantity  of  the  dry 
mixture  of  carbonate  of  soda  and  cyanide  of  potassium.  The 
whole  mass  must  not  fill  more  than  half  the  bulb,  otherwise  the 
fusing  cyanide  of  potassium  is  likely  to  ascend  into  the  tube.  The 
heat  of  a spirit-lamp  is  then  applied  to  the  bulb,  and  maintained 
for  a while,  since  the  arsenic  frequently  requires  some  time  for  its 
complete  sublimation.  The  mirrors  which  are  obtained  in  this 
process  are  of  exceeding  purity.  They  are  produced  from  all 
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arsenites,  the  bases  of  which  remain  either  altogether  unreduced, 
or  are  converted  into  metallic  arseniurets,  which  lose  their  arsenic 
partly  or  totally  upon  the  simple  application  of  heat.  This  me- 
thod deserves  to  be  particularly  recommended  on  account  of  its 
simplicity,  neatness,  and  cleanness,  as  well  as  for  the  preciseness 
of  the  results  attainable  by  its  application,  even  though  but 
minute  quantities  of  arsenic  be  present.  It  is  more  especially 
adapted  for  the  direct  production  of  arsenic  from  sulphuret  of 
arsenic,  and  is  in  this  respect  superior  to  all  other  methods 
hitherto  suggested.  The  susceptibility  of  this  method  may  be 
heightened  exceedingly  by  heating  the  mixture  in  a stream  of  dry 
carbonic  acid  gas.  A series  of  experiments  made  by  Dr.  Babo 
and  myself,  has  shown  that  the  most  accurate  and  satisfactory  re- 
sults are  to  be  obtained  in  the  following  manner : — 

Plates  VI.  and  VII.  illustrate  the  apparatus  in  which  the  process 
is  conducted, 

PLATE  VI. 


c 


a.  is  a capacious  flask  intended  for  the  evolution  of  carbonic 
acid  ; it  is  half  filled  with  water  and  large  fragments  of  limestone 
or  marble — (chalk  does  not  yield  a constant  stream  of  carbonic 
acid  gas.) — b is  a smaller  flask  containing  hydrated  sulphuric 
acid.  The  flask  A.  is  closed  with  a doubly  perforated  cork,  into 
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the  one  aperture  of  which  is  inserted  a funnel- tube  (ci)  which 
reaches  nearly  to  the  bottom  of  the  flask ; into  the  other  perfora- 
tion is  fitted  a tube  (b)  which  serves  to  conduct  the  evolved  gas 
into  the  hydrate  sulphuric  acid  in  b,  when  it  is  thoroughly  treed 
from  moisture.  The  tube  c.  conducts  the  dried  gas  into  the  re- 
duction tube  c,  which  is  illustrated  by 

PLATE  VII. 


This  engraving  represents  the  tube  on  the  scale  of  one-third  of  its 
length.  When  the  apparatus  is  arranged,  the  perfectly  dry  sulphuret 
of  arsenic,  or  arsenite  under  examination,  is  to  be  triturated 
in  a slightly  heated  mortar  with  about  12  parts  of  a dry  mix- 
ture, consisting  of  3 parts  of  carbonate  of  soda  and  1 part  of 
cyanide  of  potassium.  The  powder  is  placed  upon  a narrow  slip 
of  card  paper  bent  into  the  shape  of  a gutter,  and  the  latter  is 
then  pushed  into  the  reduction  tube  up  to  e ; by  turning  the  tube 
half-way  round  its  axis,  the  mixture  is  made  to  fall  down  into  the 
tube  between  e and  d,  every  other  part  of  the  tube  remaining  per- 
fectly clean.  The  tube  thus  prepared  is  now  connected  with  the 
gas  evolution  apparatus,  and  a moderate  stream  of  carbonic  acid 
is  then  evolved  by  pouring  some  hydrochloric  acid  into  the  funnel- 
tube  a.  The  mixture  in  e is  now  most  carefully  and  thoroughly 
dried  by  heating  the  tube  its  whole  length  very  gently  with  a 
spirit-lamp.  When  every  trace  of  water  is  expelled,  and  the 
gas-stream  has  become  so  slow  that  the  single  bubbles  pass 
through  the  sulphuric  acid  in  b.  at  intervals  of  one  second,  the 
reduction-tube  is  heated  to  redness  at  g,  by  means  of  a spirit, 
lamp  ; as  soon  as  g is  red  hot,  the  flame  of  a second  and  larger 
spirit-lamp  is  applied  to  the  mixture,  proceeding  from  d to  e until 
the  whole  of  the  arsenic  is  reduced  and  volatilized.  The  far 
greater  portion  of  the  volatilized  arsenic  recondcnses  at  h,  whilst 
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an  extremely  minute  portion  only  escapes  through  i,  imparting  to 
the  surrounding  air  the  peculiar  odor  of  garlic.  The  flame  of  the 
second  lamp  is  finally  slowly  and  gradually  advanced  up  to  g , 
and  by  this  means  the  whole  of  the  arsenic  which  may  have 
condensed  in  the  wide  part  of  the  tube,  is  propelled  to  h.  When 
this  has  been  attained,  the  tube  is  closed  at  the  point  i by 
fusion,  and  the  mirror  is  then  finally  driven  by  the  application 
of  heat  from  i towards  li.  In  this  manner,  perfectly  distinct 
metallic  mirrors  may  be  produced  from  as  little  as  the  1 -800th 
part  of  one  grain  of  sulphuret  of  arsenic.  Neither  sulphuret  of 
antimony  nor  any  other  compound  of  antimony  yield  metallic 
mirrors,  when  treated  in  this  manner. 

11.  If  to  arsenious  acid  (in  the  solid  form  or  solution)  some 
acetic  acid  be  added,  and  subsequently  an  excess  of  potass,  the 
mixture  evaporated  to  dryness,  and  the  residue  finally  ignited  in  a 
small  tube,  Alcarsin  (Oxide  of  cacodyl.  C4  H6  As-fO)  will  be 
formed,  which  may  be  at  once  detected  by  its  characteristic  and 
insupportable  odor.  This  odor  changes  immediately  to  the  no  less 
characteristic  odor  of  chloride  of  cacodyl,  when  the  ignited  con- 
tents of  the  tube  are  mixed  with  a few  drops  of  protochloride  of 
tin,  and  are  then  again  exposed  to  the  action  of  heat.  This  de- 
portment of  arsenious  acid  affords  us  likewise  a means  of  determi- 
ning whether  metallic  mirrors  obtained  by  Marsh’s  apparatus,  are 
really  arsenical  mirrors  or  not.  For  this  purpose,  the  metallic 
crust  which  it  is  intended  to  examine,  is  boiled  with  water  impreg- 
nated with  atmospheric  air  until  it  is  completely  dissolved ; the 
solution  is  mixed  with  acetic  acid  and  an  excess  of  potass  ; the 
mixture  is  evaporated  to  dryness,  and  the  residue  subsequently 
ignited  in  a small  tube— in  short,  the  whole  process  is  conducted 
as  I have  just  now  described.  Bunsen  has  recently  suggested 
this  method  of  testing  arsenical  crusts ; it  should  be  borne  in 
mind,  however,  that  these  crusts  dissolve  but  very  slowly  upon 
boiling  with  the  aerated  water. 

12.  If  arsenious  acid  or  an  arsenite  be  exposed  on  a charcoal 
support  to  the  reducing  Jlame  of  the  blow-pipe,  a highly  cha- 
racteristic garlic  odor  will  be  perceived,  especially  if  some  car-  * 
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bonate  of  soda  be  added  to  the  substance  examined.  This  odor 
lias  its  origin  in  the  reduction  and  reoxidation  of  the  arsenic, 
and  enables  us  to  detect  very  minute  quantities.  This  test, 
however,  is  not  to  be  implicitly  relied  upon.  The  garlic  odor 
proceeds  neither  from  the  fumes  of  arsenious  acid,  nor  from  those 
of  arsenic,  but  probably  from  those  of  a lower  degree  of  oxidation 
of  the  latter  substance.  Arsenic  exhales  this  odor  invariably  when 
heated  in  the  air. 


6.  ARSENIC  ACID.  (As  05.) 

1.  Arsenic  acid  is  a colorless,  or  white  mass,  which  deliquesces 
gradually  in  the  air,  and  dissolves  in  water;  it  fuses  at  a gentle 
red-heat  without  suffering  decomposition  ; but  at  a higher  tem- 
perature it  is  resolved  into  oxygen  and  arsenious  acid,  which 
volatilizes. 

2.  Most  of  the  arseniates  are  insoluble  in  water.  Of  the  neu- 
tral arseniates,  those  with  alkaline  bases  alone  are  soluble  in 
water.  Most  of  the  neutral  and  basic  arseniates  can  bear  a strong 
red- heat  without  suffering  decomposition.  The  acid  arseniates 
lose  their  excess  of  acid  upon  ignition,  this  excess  being  resolved 
into  arsenious  acid  and  oxygen. 

3.  Sulphuretted  hydrogen  fails  to  precipitate  alkaline  and 
neutral  solutions  of  arseniates ; but  in  acidified  solutions  it  pro- 
duces a yellow  precipitate  of  sulpharsenic  acid,  (As.  S5.)  This 
precipitate  never  forms  instantaneously,  and  in  dilute  solutions 
frequently  only  after  the  lapse  of  a considerable  time  (twenty-four 
hours).  Heat  promotes  its  separation.  The  sulpharsenic  acid 
manifests  the  same  deportment  as  the  sulpharsenious  acid,  with 
the  various  solvents  and  decomposing  agents  which  I have  men- 
tioned while  treating  of  the  latter  substance.  Sulphurous  acid, 
when  added  to  a solution  of  free  arsenic  acid  or  of  an  arseniate, 
transposes  with  the  arsenic  acid,  to  arsenious  acid  and  sulphuric 
acid;  this  process  of  transposition  maybe  promoted  by  the  ap- 
plication of  heat.  If  sulphuretted  hydrogen,  and  should  this  be 
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required,  an  acid  be  now  added  to  the  mixture,  the  whole  of  the 
arsenic  will  immediately  precipitate  as  sulpharsenious  acid. 

4.  Hydrosulphuret  of  ammonia  converts  the  arsenic  acid  in 
neutral  and  alkaline  solutions  of  arseniates  into  sulpliarsenic  acid, 
which  remains  in  solution  as  sulpharsenico-sulphuret  of  ammo- 
nium. Upon  the  addition  of  an  acid  to  the  solution,  this  double 
sulphuret  is  decomposed,  and  sulpharsenic  acid  precipitates.  The 
separation  of  this  precipitate  proceeds  more  rapidly  than  is  the 
case  when  acid  solutions  are  precipitated  with  sulphuretted  hy- 
drogen. It  is  promoted  by  heat. 

5.  Nitrate  of  silver  produces  in  neutral  solutions  of  the  arse- 
niates highly  characteristic  reddish-brown  precipitates  of  arse- 
niate  of  silver,  (3  A g 0,  As  05,)  which  are  soluble  both  in 
dilute  nitric  acid  and  in  ammonia.  Ammo nio- nitrate  of  silver 
produces  the  same  precipitate  in  solutions  of  arsenic  acid  or  of 
arseniates,  when  containing  a free  acid. 

6.  Sulphate  of  copper  and  ammonio- sulphate  of  copper  pro- 
duce, under  the  same  circumstances  as  the  nitrate  and  ammonio  - 
nitrate  of  silver,  greenish  blue  precipitates  of  arseniate  of 
copper.  (As  05,  2 Cu  0,  HO.) 

7.  With  hydrogen , carbonate  of  soda , and  charcoal , cyanide 
of  potassium , and  before  the  blow-pipe , the  arseniates  manifest 
the  same  deportment  as  the  arsenites. 

Recapitulation  and  remarks. — The  separation  and  positive 
detection  of  the  oxides  belonging  to  the  second  section  of  the 
sixth  group,  and  especially  of  peroxide  of  tin,  are  sometimes,  and 
under  certain  circumstances,  attended  with  difficulties.  The  pro- 
toxide of  tin,  however,  may  be  readily  detected  by  its  reaction 
with  perchloride  of  gold,  or  with  percliloride  of  mercury,  even  in 
the  presence  of  other  oxides.  The  separation  of  peroxide  of  tin 
from  oxide  of  antimony  may  be  effected  with  tolerable  accuracy 
in  the  humid  way  by  means  of  a hot  solution  of  bitartrate  of 
potass,  or  of  a solution  of  free  tartaric  acid;  but  this  method  is 
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applied  with  success  only  when  the  peroxide  of  tin  exists  in  the 
modification  produced  by  the  action  of  nitric  acid  on  metallic 
tin.  It  is  necessary,  therefore,  if  the  substance  under  examina- 
tion is  not  an  alloy,  to  reduce  the  compound  of  tin  to  the  metallic 
state,  either  in  the  humid  way,  by  means  of  zinc,  the  presence  of 
nitric  acid  being  carefully  avoided — or,  in  the  dry  way,  by  means  of 
cyanide  of  potassium.  The  method  of  separating  antimony  from  tin 
in  the  form  of  sulphurets,  by  means  of  ammonia,  is  always  liable 
to  give  rise  to  mistakes,  since  the  higher  sulphurets  of  antimony 
are  soluble  in  ammonia,  and  even  the  protosulphuret  of  this 
metal  is  not  quite  insoluble  in  this  substance.  The  only  positive 
proof  of  the  presence  of  peroxide  of  tin  is  the  production  of  a 
ductile  metallic  grain  of  tin,  in  the  reducing  flame  of  the  blow- 
pipe, since  the  ductility  of  tin  distinguishes  this  metal  amply  and 
sufficiently  from  antimony.  This  reduction  is  very  readily  effected 
before  the  blow-pipe  by  means  of  a mixture  of  equal  parts  of 
cyanide  of  potassium  and  carbonate  of  soda;  but  care  should  be 
taken  that  the  peroxide  of  tin  be  not  mixed  with  nitre — since  this 
would  cause  deflagration — nor  with  any  other  substance  of  that 
description.  Whether  the  ductile  metallic  grain  produced  in  the 
process  be  really  tin  may  be  ascertained  and  confirmed  by  the 
following  direct  experiment; — the  metallic  grain  is  boiled  with 
some  concentrated  hydrochloric  acid,  water  is  subsequently  added 
to  the  solution,  and  the  fluid  finally  tested  with  perchloride  of 
mercury.  Vide  § 95.  b.  7. 

Peroxide  of  tin  and  oxide  of  antimony  may  also  be  detected 
and  distinguished,  side  by  side,  before  the  blow-pipe,  since  the 
antimony  is  characterized  by  the  peculiar  incrustation  with  which 
its  oxide  covers  the  charcoal  support,  and  since  the  peroxide  of 
tin,  after  the  volatilization  of  the  antimony,  may  be  readily  re- 
cognized by  the  ductility  of  the  grain  of  metallic  tin  produced  in 
the  process,  as  I have  just  stated.  I have,  however,  found 
that  inexperienced  students  fail  generally  in  their  attempts 
at  detecting  peroxide  of  tin  and  oxide  of  antimony,  side 
by  side,  in  this  manner.  Antimony  may  be  recognized,  more- 
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over,  by  the  decomposition  which  its  chloride  suffers  by  the 
action  of  water,  and  likewise  by  the  color  of  its  sulphuret.  The 
latter  test,,  however,  is  uncertain,  if  the  sulphuret  of  antimony 
happens  to  contain  much  sulphuret  of  arsenic  in  admixture.  The 
best  way  of  arriving  at  a positive  conclusion  in  such  cases  is  to 
ignite  the  mixed  sulphurets, — when  the  sulphuret  of  arsenic  will 
volatilize  to  dissolve  the  residue  in  hydrochloric  acid,  and  to  test 
the  solution  again  with  sulphuretted  hydrogen. 

The  detection  of  arsenic  is  not  difficult,  yet,  nevertheless,  errors 
will  frequently  arise,  especially  if  positive  and  definite  conclusions 
be  drawn  from  individual  and  isolated  reactions,  such  as  the  charac- 
teristic odor,  for  instance,  which  arsenical  compounds  exhale  when 
heated  on  charcoal.  We  must,  therefore,  lay  it  down  as  a rule  that  the 
presence  of  arsenic  is  to  be  considered  positively  proved  only  by 
a concurrence  of  the  various  reactions,  and  particularly  by  the 
production  of  metallic  arsenic. — Arsenic  may  be  separated  from 
tin  with  tolerable  accuracy  by  deflagrating  the  sulphurets  of  the 
two  metals  with  carbonate  of  soda  and  nitre.  The  presence  of 
tin,  moreover,  does  not  interfere  with  the  detection  of  arsenic. 
But  the  case  is  very  different  with  antimony,  especially  when 
testing  by  Marsh’s  method,  which  is  now  so  universally  adopted. 
The  mere  production  of  a metallic  mirror  by  Marsh’s  apparatus 
ought,  therefore,  never  to  be  looked  upon  as  a positive  proof  of 
the  presence  of  arsenic,  and  additional  tests  must  invariably  be 
had  recourse  to,  to  place  the  presence  of  this  substance  beyond 
all  doubt.  The  method  described  at  § 95.  d.  8.  a .,  yields  the 
most  positive  and  precise  results  in  this  respect,  and  is,  moreover, 
exceedingly  delicate.  A tolerably  complete  separation  of  arsenic 
from  antimony  may  be  effected  by  means  of  bicarbonate  of  am- 
monia, the  protosulphuret  of  antimony  being  nearly  altogether 
insoluble  in  this  substance,  whilst  the  sulphuret  of  arsenic  dis- 
solves readily  in  it.  But  this  method  of  distinguishing  between 
arsenic  and  antimony  yields  precise  results  only  when  the  proto- 
sulphuret of  antimony  is  entirely  free  from  any  admixture  of  a 
higher  sulphuret  or  of  free  sulphur,  and  when  the  proportion  of 
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sulphuret  of  arsenic  present  is  not  too  inconsiderable.  It  is, 
therefore,  generally  inapplicable  for  the  separation  of  the  sul- 
phurets  produced  in  the  usual  way. 

Those  methods  of  effecting  the  separation  of  arsenic  from  an- 
timony, which  are  based  upon  the  different  deportment  of  the 
respective  sulphurets  of  the  two  metals,  with  concentrated  hydro- 
chloric acid,  or  with  caustic  ammonia,  yield  even  less  precise  re- 
sults than  the  method  just  now  described  ; nor  is  the  perfect 
separation  of  the  two  metals  to  he  effected  by  dissolving  the  sul- 
phurets in  potass,  and  boiling  the  solution  with  oxide  of  copper. 
A far  more  precise  result  may  be  obtained  by  deflagrating  the 
sulphurets  with  carbonate  of  soda  and  nitre,  treating  the  residuary 
mass  with  water,  filtering  the  solution,  and  decomposing  subse- 
quently  with  nitric  acid,  the  small  quantity  of  basic  antimoniated 
alkali  present  in  the  filtrate.  Nearly  the  whole  of  the  antimony 
is  obtained  in  this  process,  as  an  insoluble,  and  the  whole  of  the 
arsenic  as  a soluble  compound. 

The  presence  of  antimony  does  not  interfere  with  the  accuracy 
of  the  results  obtained  by  the  reduction  of  arsenites  or  arse- 
niates,  by  means  of  carbonate  of  soda  and  charcoal,  or  by  means 
of  cyanide  of  potassium  and  carbonate  of  soda.  Arsenious  acid 
and  arsenic  acid  in  aqueous  solution  may  bo  most  readily  and 
positively  distinguished  from  one  another,  by  means  of  nitrate  of 
silver.  Should  the  presence  of  other  substances  interfere  with  the 
direct  application  of  the  test,  the  solution  is  to  be  precipitated 
completely  with  sulphuretted  hydrogen ; the  precipitated  sul- 
phurets are  then  to  be  dissolved  in  potass  ley,  and  the  solution  is 
subsequently  to  be  boiled  either  with  hydrated  oxide  or  carbonate, 
or  basic  nitrate  of  bismuth ; the  fluid  is  then  to  be  filtered  off  from 
the  precipitated  sulphuret  of  bismuth,  and  one  portion  of  the 
filtrate  tested  for  arsenious  acid  by  means  of  sulphate  of  copper, 
according  to  the  method  described  § 95.  d.  7 ; another  portion 
of  the  filtrate  is  to  be  neutralized  with  nitric  acid,  and  finallv 
tested  for  arsenic  acid,  by  means  of  nitrate  of  silver. 
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B.  DEPORTMENT  OF  THE  ACIDS  WITH  REAGENTS. 

§ 90. 

We  classify  tlie  reagents  which  serve  for  the  determination  of  the 
acids,  in  the  same  manner  as  those  used  for  the  determination  of 
the  bases,  into  general  reagents,  i.  e.  such  as  indicate  the 
group  to  which  the  acid  under  examination  belongs  ; and  spe- 
cial reagents,  i.  e.  such  as  serve  to  effect  the  detection  of  the 
individual  acids.  The  groups  into  which  we  classify  the 
various  acids  can  scarcely  be  defined  and  limited  with  the  same 
degree  of  preciseness  as  the  groups  into  which  the  bases  are 
divided. 

The  two  principal  groups  into  which  acids  are  divided  are  that 
of  inorganic  and  that  of  organic  acids.  It  is,  however,  by  no 
means  easy  to  select  a general  property  equally  applicable  and 
characteristic  throughout  the  entire  series ; for  we  can  neither 
adopt  the  ternary  composition  as  a distinguishing  mark  of  or- 
ganic acids,  without  excluding  oxalic  acid,  for  instance,  nor  can 
we  define  organic  acids  to  be  such  as  require  for  their  formation 
the  co-operation  of  the  vital  power,  since  such  a definition  would 
not  only  be  wanting  in  precision  with  regard  to  a great  many 
acids,  such  as  formic  acid,  succinic  acid,  &c.,  hut  must,  moreover, 
be  looked  upon  as  altogether  unscientific,  since  all  the  vital  pro- 
cesses in  the  animal  and  vegetable  body  are  simply  in  fact  modi- 
fied chemical  processes.  We  will,  therefore,  select  here,  as  the 
characteristic  mark  to  guide  us  in  the  classification  into  organic 
and  inorganic  acids,  the  deportment  which  the  various  acids 
manifest  at  a high  temperature,  and  will  therefore  call  organic 
those  acids  of  which  the  salts — (particularly  those  which  have  an 
alkali  or  an  alkaline  earth  for  base) — are  decomposed  upon  igni- 
tion, this  decomposition  being  attended  with  separation  of  char- 
coal. 

By  selecting  this  deportment  at  a high  temperature  as  the  dis- 
tinctive characteristic  of  organic  acids,  we  are  enabled  to  deter- 
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mine  at  once  by  a most  simple  preliminary  experiment  the  class 
to  which  the  acid  or  acids  under  examination  belong.  The  salts 
of  organic  acids  with  alkalies  or  alkaline  earths  are  converted  into 
carbonates,  upon  ignition. 


I.  INORGANIC  ACIDS. 

First  Group. 

ACIDS  WHICH  ARE  PRECiriTATED  FROM  NEUTRAL  SOLUTIONS  BY 

chloride  of  barium:  Arse/iious  Acid — Arsenic  Acid — 
Chromic  Acid — Sulphuric  Acid — Phosphoric  Acid — Boracic 
Acid — Oxalic  Acid — Hydrojluoric  Acid — Carbonic  Acid — 
Silicic  Acid. 


This  group  is  again  subdivided  into  four  clasees,  viz.: 

].  Acids  which  are  decomposed  in  acid  solutions  by  sulphuretted 
hydrogen,  and  which  have  therefore  been  alluded  to  already, 
while  treating  of  the  bases,  viz.,  arsenious  acid,  arsenic 
acid,  and  chromic  acid. 

2.  Acids  which  are  not  decomposed  in  acid  solutions  by  sulphur- 

etted hydrogen,  and  the  barytes  compounds  of  which  are 
insoluble  in  hydrochloric  acid.  Of  the  above  enumerated 
acids  sulphuric  acid  alone  belongs  to  this  class. 

3.  Acids  which  are  not  decomposed  in  acid  solutions,  by  sulphur- 

etted hydrogen,  and  the  barytes  compounds  of  which  dissolve 
in  hydrochloric  acid  apparently  without  decomposition,  in- 
asmuch as  the  acids  cannot  be  completely  separated  from  the 
hydrochloric  solution,  by  heating  or  evaporation ; these  are 
PHOSPHORIC  ACID,  BORACIC  AICD,  OXALIC  ACID,  and  HYDRO- 
FLUORIC acid.  (Oxalic  acid  belongs  more  properly  to  the 
organic  group.  I add  this  acid,  however,  here  to  the  inor- 
ganic class,  since  its  salts  are  decomposed  upon  ignition 
without  leaving  a real  carbonaceous  residue,  and  are  accord- 
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§ 97.] 

ingly  liable  to  be  confounded  with  the  salts  of  inorganic 
acids.) 

4.  Acids  which  are  not  decomposed  in  acid  solutions,  by  sulphur- 
etted hydrogen,  and  the  barytes  salts  of  which  are  soluble  in 
hydrochloric  acid,  with  decomposition,  (separation  of  the 
acids :)  carbonic  acid,  silicic  acid. 

First  Section  of  the  First  Group  of  the  Inorganic  Acids. 

§ 97. 

a.  Sulphuretted  hydrogen  precipitates  from  acid  solutions  of 
arsenious  acid  and  arsenic  acid,  the  corresponding  sulphurets 
of  these  acids.  Since  this  would  lead  to  confounding  them  rather 
with  the  metallic  oxides  than  with  other  acids,  I deemed  it  more 
judicious  to  place  these  two  acids  with  the  oxides  of  the  sixth 
group,  (vide  § 95). 

h.  chromic  acid.  (Or  03.) 

1.  Chromic  acid  forms  a scarlet-red  crystalline  mass  or  distinct 
crystals  presenting  the  form  of  needles.  Upon  ignition  it  is  re- 
solved into  oxide  of  chromium  and  oxygen.  It  deliquesces  rapidly 
when  exposed  to  the  air.  It  dissolves  in  water,  imparting  to  this 
menstruum  a deep  red-brown  tint,  which  remains  visible  even 
when  considerably  diluted. 

2.  The  chromates  are  all  red  or  yellow,  and  for  the  most  part 
insoluble  in  water.  Some  of  them  are  decomposed  upon  ignition  ; 
those  with  alkaline  bases  are  fixed,  and  soluble  in  water;  the  so- 
lutions of  the  neutral  alkaline  chromates  are  yellow,  those  of  the 
acid  alkaline  chromates  are  red.  These  tints  are  still  visible  in 
highly  dilute  solutions.  The  yellow  color  of  a neutral  solution 
changes  into  red  on  the  addition  of  a mineral  acid,  owing  to  the 
formation  of  an  acid  salt. 

3.  Sulphuretted  hydrogen  reduces  chromic  acid,  no  matter 
whether  present  in  solution  in  the  free  state  or  as  a chromate ; 
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oxide  of  chromium,  water,  and  sulphuric  acid,  are  formed  in  this 
process,  and  sulphur  precipitates.  Heat  promotes  this  decom- 
position. When  no  free  acid  is  present,  a portion  only  of  the 
reduced  oxide  of  chromium  is  retained  in  solution  by  the  new- 
formed  sulphuric  acid,  and  a greenish-grey  precipitate  is  produced 
consisting  of  a mixture  of  hydrated  oxide  of  chromium  with  sul- 
phur. But  if  free  acid  is  present,  the  precipitate  is  far  less  con- 
siderable and  consists  of  pure  sulphur;  The  salt  of  oxide  of 
chromium  formed  imparts  a green  tint  to  the  fluid,  in  either  case. 

4.  Chromic  acid  may  also  be  reduced  to  chromic  oxide  by 
means  of  many  other  substances  besides  sulphuretted  hydrogen, 
more  particularly  by  sulphurous  acid , or  by  heating  with 
hydrochloric  acid , especially  upon  addition  of  alcohol,  (when 
hydrochloric  ether  and  aldehyde  are  evolved.)  or  also  by  me- 
tallic zinc , or  by  heating  with  tartaric  acid , oxalic  acid , Ac. 
All  these  reactions  are  clearly  characterized  by  the  transition  of 
the  red  or  yellow  color  of  the  solution  to  the  green  tint  of  the  re- 
duced salt  of  oxide  of  chromium. 

5.  Chloride  of  barium  produces  a yellowish  white  precipitate  of 
chromate  OF  barytes  (Ba  O,  Cr  03)  which  is  soluble  in  dilute 
hydrochloric  and  nitric  acid. 

0.  Nitrate  of  silver  produces  a dark  purple-red  precipitate  of 
chromate  of  silver  (Ag  O,  Cr  03)  which  is  soluble  in  nitric 
acid  and  in  ammonia. 

7.  Acetate  of  lead  produces  a yellow  precipitate  of  chromate 
of  lead  (Pb  O,  Cr  O3)  which  is  soluble  in  potass,  and  sparingly 
soluble  in  dilute  nitric  acid.  The  yellow  color  of  this  precipitate 
changes  to  red,  upon  heating  with  ammonia. 

8.  When  insoluble  chromates  are  fused  with  carbonate  of  soda 
and  nitre , and  the  fused  mass  is  subsequently  treated  with  water, 
the  fluid  produced  looks  yellow  from  the  alkaline  chromate  which 
it  holds  in  solution  ; upon  the  addition  of  an  acid,  this  yellow 
color  changes  to  red.  The  oxides  remain  either  in  their  pure 
state  or  as  carbonates. 
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Remarks. — When  testing  for  bases  we  always  find  the  chromic 
acid  as  chromic  oxide,  since  sulphuretted  hydrogen  reduces  the 
acid  to  the  state  of  oxide.  The  characteristic  color  of  the  solution 
frequently  renders  the  application  of  any  further  test  almost  a work 
of  supererogation.  If  there  is  reason  to  suppose  that  chromic  acid 
is  present  in  a solution,  metallic  oxides  being  likewise  present,  it  is 
preferable  to  effect  the  reduction  of  the  chromic  acid,  by  means  of 
hydrochloric  acid  and  alcohol,  or  by  means  of  sulphurous  acid,  in- 
stead of  reducing  it  with  sulphuretted  hydrogen.  The  reactions 
with  salts  of  silver  and  salts  of  lead  afford  a positive  and 
confirmatory  proof  of  the  presence  of  chromic  acid  in  aqueous 
solutions. 

Second  Section  of  the  First  Group  of  the  Inorganic  Acids. 

§ 98. 

SULPHURIC  ACID.  (S  03.) 

1 . Anhydrous  sulphuric  acid  is  a white  feathery-crystalline  mass 
which  emits  strong  fumes  upon  exposure  to  the  air ; hydrated  sul- 
phuric acid  forms  an  oily  liquid,  colorless  and  pellucid  like  water. 
Both  the  anhydrous  and  hydrated  acid  carbonize  organic  sub- 
stances, and  combine  with  water  in  all  proportions,  the  process  of 
combination  being  attended  with  considerable  elevation  of  term 
perature. 

2.  Most  of  the  sulphates  are  soluble  in  water ; the  insoluble 
sulphates  are  generally  white ; the  soluble  sulphates  are  for  the 
most  port  colorless,  in  their  crystalline  state.  The  sulphates 
of  the  alkalies  and  alkaline  earths  are  not  decomposed  upon 
ignition. 

3.  Chloride  of  barium  produces  in  even  highly  dilute  solutions 
of  sulphuric  acid  and  of  the  sulphates,  a heavy  white  precipitate  of 
sulphate  of  barytes  (Ba  0,  S03)  in  form  of  a fine  powder; 
this  precipitate  is  insoluble  in  hydrochloric  acid  and  in  nitric  acid. 

4.  Acetate  of  lead  produces  a heavy,  white  precipitate  of  sul- 
phate of  lead  (Pb  O,  S03)  which  is  sparingly  soluble  in  dilute 
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nitric  acid,  but  dissolves  completely  in  hot  concentrated  hydro- 
chloric acid. 

5.  The  salts  of  sulphuric  acid  with  the  alkaline  earths  which  are 
insoluble  in  water  and  acids,  are  converted  into  carbonates  by 
fusion  with  alkaline  carbonates.  But  the  sulphate  of  lead  is  re- 
duced to  the  state  of  pure  oxide  when  treated  in  this  manner. 
Both  the  conversion  of  the  former  into  carbonates,  and  the  reduc- 
tion of  the  latter  to  the  state  of  oxide,  are  attended  with  the  for- 
mation of  an  alkaline  sulphate. 

0.  Upon  fusing  sulphates  with  carbonate  of  soda  and 
charcoal \ on  the  loop  of  a platinum  wire,  in  the  inner  flame 
of  the  blow-pipe,  the  sulphuric  acid  is  reduced,  and  sulpliuret  of 
sodium  formed,  which  may  be  readily  recognized  by  the  odor  of 
sulphuretted  hydrogen  emitted  by  the  button  when  moistened  with 
some  acid.  If  the  process  of  moistening  the  button  be  performed 
upon  a piece  of  paper  imbued  with  solution  of  lead,  or  upon  a clean 
silver  plate,  (such  as  a polished  coin,)  a black  stain  of  sulpliuret  of 
lead  or  sulpliuret  of  silver  will  immediately  form  upon  the  paper 
or  coin. 

Remarks. — The  characteristic  and  exceedingly  delicate  reaction 
of  sulphuric  acid  with  salts  of  barytes  renders  the  detection  of  this 
acid  an  easier  task  than  that  of  almost  any  other  acid.  It  is  sim- 
ply necessary  to  take  care  not  to  confound  with  sulphate  of  barytes, 
precipitates  of  chloride  of  barium,  and  particularly  of  nitrate  of 
barytes,  which  are  formed  upon  mixing  aqueous  solutions  of  these 
salts  with  fluids  containing  a large  proportion  of  free  hydrochloric 
acid  or  free  nitric  acid.  It  is  very  easy  to  distinguish  these  pre- 
cipitates from  sulphate  of  barytes,  since  they  redissolve  immedi- 
ately upon  diluting  the  acid  fluid  with  water.  The  deportment  of 
sulphuric  acid  with  barytes  might,  however,  lead  to  confounding 
this  acid  with  liydrofluosilicic  acid.  Although  we  do  not  treat  of  the 
latter  substance  in  the  present  work,  yet  it  may  not  be  amiss  to 
remark  that,  should  any  doubt  arise  as  to  a precipitate  of  barytes, 
this  may  be  easily  set  at  rest  by  fusing  the  precipitate  in  question 
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in  the  inner  flame  of  the  blow-pipe,  with  carbonate  of  soda  and 
charcoal.  (Compare  § 98.  G.) 

Third  Section  of  the  First  Group  of  the  Inorganic  Acids. 

§ 99. 

a.  PHOSPHORIC  ACID.  (P05.) 

We  shall  treat  here  only  tribasic  phosphoric  acid,  since  it  is 
this  form  of  the  acid  and  its  salts  which  are  used  in  pharmacy ; 
monobasic  and  bibasic  acids  we  pass  by. 

1.  The  hydrate  of  common  phosphoric  acid  (P05,  3 HO) 
forms  colorless  and  pellucid  crystals  which  deliquesce  rapidly  in 
the  air,  forming  a simply  non- caustic  fluid.  The  action  of  heat 
changes  it  into  hydrated  pyro,  or  meta-phosphoric  acid,  according 
as  either  one  or  two  equivalents  of  water  are  expelled. 

2.  The  action  of  heat  fails  to  decompose  the  phosphates  with 
fixed  bases,  but  converts  them  into  pyrophosphates  when,containing 
one  equivalent  of  basic  water,  and  into  metaphosphates,  when  con- 
taining two  equivalents  of  basic  water.  The  phosphates  with 
alkaline  bases  alone  are  soluble  in  water  in  the  neutral  state.  The 
solutions  manifest  alkaline  reaction. 

3.  Chloride  of  barium  produces  in  aqueous  solutions  of  the 
neutral  or  basic  phosphates,  a white  precipitate  of  phosphate  of 
barytes  [P05,  2 Ba  0,  HO,  or  P05,  3 Ba  0]*  which  is  in- 
soluble in  hydrochloric  acid  and  in  nitric  acid,  and  difficultly 
soluble  in  chloride  of  ammonium. 

4.  Solution  of  gypsum  produces  in  neutral  or  alkaline  solutions 
of  phosphates,  a white  precipitate  of  phosphate  of  lime  (P05, 
2 Ca  0,  HO,  or  P05,  3 Ca  0)  which  dissolves  readily  in  acids, 
even  in  acetic  acid. 

5.  Chloride  of  magnesium  or  sulphate  of  magnesia  produce  in 

* Precipitates  of  the  former  composition  are  formed  in  solutions  containing 
an  alkaline  phosphate  with  two  equivalents  of  fixed  bases  or  ammonia ; 
whilst  precipitates  of  the  latter  composition  are  formed  in  solutions  which 
contain  an  alkaline  phosphate,  with  three  equivalents  of  fixed  base  or  ammonia. 
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neutral  solutions  of  phosphates  white  precipitates  of  phosphate 
of  magnesia  (P05,  2 Mg  O,  HO)  which  are,  however,  visible 
only  in  rather  concentrated  solutions,  particularly  upon  the  ap- 
plication of  heat.  But  if  free  ammonia  or  carbonate  of  ammonia 
be  added  to  the  solution,  the  chloride  of  magnesium  or  sulphate  of 
magnesia,  will  produce  in  even  highly  dilute  solutions,  a white, 
crystalline  and  quickly  subsiding  precipitate  of  basic  piiospiiate 
OF  MAGNESIA  AND  AMMONIA  (POs  2 Mg  O,  NH4  O)  which  is 
insoluble  both  in  ammonia  and  chloride  of  ammonium,  but  dis- 
solves readily  in  acids,  even  in  acetic  acid.  This  precipitate  ap- 
pears often  only  after  the  lapse  of  some  time ; stirring  and 
agitation  promotes  its  separation,  vide  § 87.  d.  7.  In  solutions  of 
phosphates  with  three  equivalents  of  fixed  base,  salts  of  magnesia, 
produce  immediately  a precipitate  of  basic  phosphate  of  magnesia 
(P05,  3 Mg  0,)  and  this  even  though  the  solution  be  dilute. 

0.  Nitrate  of  silver  throws  down  from  the  solutions  of  neutral 
and  basic  alkaline  phosphates,  a light  yellow  precipitate  of 
phosphate  of  silver.  (P  05,  3 A g O.)  If  the  solution  con- 
tained originally  a basic  phosphate,  the  fluid  in  which  the  precipi- 
tate is  suspended,  will  manifest  a neutral  reaction,  whilst  the 
reaction  will  be  acid,  if  the  solution  contained  originally  a neutral 
phosphate.  The  acid  reaction  in  the  latter  case  arises  from  the 
circumstance  that  the  nitric  acid  receives  for  the  three  equivalents 
of  oxide  of  silver,  which  it  yields  to  the  phosphoric  acid,  only  2 
eq.  of  alkali  and  1 eq.  of  water,  (the  latter  does  not  neutralize 
the  acid  properties  of  the  nitric  acid). 

7.  Acetate  of  lead  produces  in  neutral  and  alkaline  solutions  of 
phosphates  a white  precipitate  of  phosphate  of  lead,  (P  05, 3 Pb  0) 
which  is  readily  soluble  in  nitric  acid,  but  nearly  insoluble  in 
acetic  acid.  This  reaction  acquires  a very  great  value  as  a test  for 
phosphoric  acid,  from  the  peculiar  deportment  which  the  precipi- 
tated phosphate  of  lead  exhibits  before  the  blow-pipe.  Tor,  in  the 
first  place,  even  the  inner  flame  of  the  blow-pipe  fails  to  reduce  it, 
or  effects  its  reduction  only  with  the  greatest  difficulty,  and,  in  the 
second  place,  the  colorless  and  transparent  button  which  it  yields 
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in  the  oxidizing  flame  turns  opaque  upon  cooling,  and  crystallizes 
generally  into  perfectly  distinct  dodecahedrons. 

8.  If  to  a solution  containing  phosphoric  acid,  no  matter  in 
whatever  form  or  combination,  hydrochloric  acid  he  added  to  acid 
reaction,  and  subsequently  one  or  two  drops  oi  per  chloride  of  iron , 
and  finally  acetate  of  potass  in  excess,  a floculent  gelatinous 
white  precipitate  of 'per phosphate  of  iron  (3P05,  2 Fe2  03,3  H O) 
will  be  produced  invariably  and  under  all  circumstances.  Should 
more  perchloride  of  iron  have  been  added  than  corresponds 
to  the  amount  of  phosphoric  acid  present,  the  fluid  in  which  the 
precipitate  is  suspended,  will  appear  red  ; otherwise  it  will  appear 
colorless.  Should  the  quantity  of  phosphoric  acid  present  be 
very  minute,  the  precipitate  will  become  distinctly  visible  only 
after  from  12  to  24  hours’  standing.  This  reaction  is  well  adapted 
for  the  detection  of  phosphoric  acid  in  general,  and  more 
particularly  when  we  have  to  deal  witli  acid  solutions  of  phosphates 
of  the  alkaline  earths.  The  perfect  and  complete  separation  of 
the  alkaline  earths  from  the  phosphoric  acid,  is  best  effected  by 
the  following  process.  Hydrochloric  acid  is  added  to  the  solution 
of  the  phosphate  under  examination,  until  the  fluid  manifests  an 
acid  reaction,  and  as  much  perchloride  of  iron  is  then  added  as 
will  cause  the  fluid  to  turn  red  upon  the  subsequent  mixing  with 
acetate  of  potass  in  excess  ; the  mixture  is  then  boiled,  which 
will  cause  the  whole  of  the  peroxide  of  iron  and  phosphoric  acid 
to  precipitate ; the  fluid  is  then  finally  filtered  off  from  the  pre- 
cipitate. The  filtrate,  which  is  colorless,  contains  the  whole  of 
the  alkaline  earths  as  chlorides. 

b.  BORACIC  ACID.  (B  03.) 

J . Boracic  acid,  in  its  anhydrous  state,  is  a colorless  glass, 
when  hydrated  it  is  a porous  white  mass ; in  the  crystalline  state 
it  presents  small  scaly  laminae.  It  is  soluble  in  water  and  alco- 
hol ; — the  solutions  redden  litmus  paper,  but  color  turmeric 
paper  brown.  The  borates  are  not  decomposed  upon  ignition ; 
those  with  alkaline  bases  alone  are  readily  soluble  in  water.  The 
solutions  are  colorless,  and  all  of  them,  even  those  of  the  acid 
salts,  manifest  alkaline  reaction. 
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2.  Chloride  of  barium  produces  in  solutions  of  borates,  when 
not  too  highly  dilute,  a white  precipitate  of  borate  of  barytes, 
(Ba  0,  B 03,)  which  is  soluble  in  acids  and  ammoniacal  salts. 

3.  titrate  of  silver  produces  in  rather  concentrated  solutions 
of  borates,  a white  precipitate  of  borate  of  silver,  (Ag  0, 
B O 3 , ) which  is  soluble  in  nitric  acid,  and  in  ammonia. 

4.  If  sulphuric  acid  or  hydrochloric  acid  be  added  to  highly 
concentrated  hot  solutions  of  borates,  the  boracic  acid  will  sepa- 
rate upon  cooling,  in  the  form  of  shining  crystalline  scales. 

0.  If  alcohol  be  poured  over  free  boracic  acid  or  a borate — (in 
which  latter  case  the  boracic  acid  is  to  be  liberated  bv  the  addi- 

J 

tion  of  sulphuric  acid,  which  should  be  used  concentrated  and 
in  sufficient  quantity) — and  the  mixture  be  subsequently  ignited, 
the  flame  will  appear  of  a very  distinct  yellowish-green  color, 
especially  upon  stirring  the  mixture ; this  tint  is  owing  to  the 
ignition  of  the  evaporating  boracic  acid,  in  its  passage  through 
the  flame.  The  delicacy  of  this  reaction  may  be  considerably 
heightened  by  heating  the  dish  which  contains  the  alcoholic 
mixture,  igniting  the  alcohol,  allowing  it  to  burn  for  a short  time, 
extinguishing  the  flame,  and  rekindling  it.  At  the  first  flickering 
of  the  flame  its  borders  will  now  appear  green,  even  though  the 
quantity  of  the  boracic  acid  be  so  minute  that  it  fails  to  produce 
a perceptible  coloring  of  the  flame,  when  treated  in  the  usual 
manner. 

c.  oxalic  acid.  (2  C 0 + 0=C2  03=0.) 

1.  The  hydrate  of  oxalic  acid  is  a white  powder;  the  crys- 
tallized acid  forms  colorless  rhombic  columns.  Both  the  hydrate 
and  the  crystallized  acid  dissolve  readily  in  water  and  in  alcohol. 
When  heated  rapidly  in  open  vessels,  part  of  the  hydrated  acid 
undergoes  decomposition,  whilst  another  portion  volatilizes  unal- 
tered. The  fumes  of  the  volatilizing  acid  are  very  irritating,  and 
provoke  coughing. 

2.  The  whole  of  the  oxalates  undergo  decomposition  at  a red- 
heat,  the  oxalic  acid  being  resolved  into  carbonic  acid  and  car- 
bonic oxide.  Those  which  have  an  alkali  or  an  alkaline  earth 


§ 09.] 


OXALIC  ACID. 


105 


for  base,  are  in  tins  process  converted  into  carbonates  (without 
separation  of  charcoal,  when  pure)  ; those  with  metallic  base 
leave  either  the  pure  metal  or  the  oxide  behind/ according  to  the 
greater  or  less  degree  of  reducibility  of  the  metallic  oxide.  The 
alkaline  oxalates,  and  also  some  of  the  oxalates  with  metallic 
bases,  are  soluble  in  water. 

8.  Chloride  of  barium  produces  in  neutral  solutions  of 
oxalates,  a white  precipitate  of  oxalate  of  barytes,  (Ba  O, 
O,)  which  is  soluble  in  nitric  acid  and  in  hydrochloric  acid,  but 
dissolves  more  sparingly  in  ammoniacal  salts  than  borate  of 
barytes. 

4.  Nitrate  of  silver  produces  in  neutral  solutions  of  oxalates, 
a white  precipitate  of  oxalate  of  silver,  (Ag  0,  O,)  which  is 
soluble  in  nitric  acid  and  in  ammonia. 

5.  Lime-water , and  all  the  soluble  salts  of  lime,  and  conse- 
quently solution  of  gypsum , produce  in  even  highly  dilute  solutions 
of  free  oxalic  acid  or  of  oxalates,  white  pulverulent  precipitates  of 
oxalate  of  lime,  (Ca  0,  O,)  which  dissolve  readily  in  hydro- 
chloric acid  and  in  nitric  acid,  but  are  nearly  insoluble  in  oxalic 
acid  and  in  acetic  acid.  The  presence  of  ammoniacal  salts  does 
not  interfere  with  the  formation  of  these  precipitates.  The  addi- 
tion of  ammonia  promotes  the  precipitation  of  the  free  oxalic  acid 
by  salts  of  lime. 

6.  When  oxalic  acid  or  an  oxalate  in  a dry  state  is  heated  with 
an  excess  of  concentrated  sulphuric  acid , the  latter  withdraws 
from  the  oxalic  acid  its  constitutional  water,  and  thus  causes  its 
resolution  into  carbonic  acid  and  carbonic  oxide,  (C2  03  = 
C O + C 02,)  which  two  gases  escape  with  effervescence.  If  the 
quantity  operated  upon  is  not  too  minute,  the  escaping  carbonic 
oxide  gas  may  be  kindled ; it  burns  with  a blue  flame.  Should 
the  sulphuric  acid  acquire  a dark  tint  in  this  reaction,  this  is  a 
sign  that  the  oxalic  acid  examined  contained  some  organic  sub- 
stance in  admixture. 
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d.  HYDROFLUORIC  ACID.  (FI  11.) 

1.  Hydrofluoric  acid  is  a colorless,  Highly  volatile  fluid  of 
pungent  odor  ; it  emits  fumes  when  exposed  to  the  air,  and  is 
miscible  with  water  in  all  proportions.  Hydrofluoric  acid  is 
distinguished  from  all  other  acids  by  the  exclusive  property  it 
possesses  to  dissolve  the  insoluble  modification  of  silicic  acid, 
and  likewise  those  of  the  silicates  which  are  insoluble  in  hydro- 
chloric  acid.  Fluoride  of  silicon  and  water  are  formed  in  the 
process  of  solution. 

(Si  02  + 2 FI  H=Si  Fla  + 2 H O.) 

Hydrofluoric  acid  transposes  with  metallic  oxides,  in  the  same 
manner,  viz.,  to  metallic  fluorides  and  water. 

2.  The  fluorides  of  the  alkali  metals  are  soluble  in  water, 
whilst  those  with  the  metals  of  the  alkaline  earths  are  either  alto- 
gether insoluble  in  water,  or  dissolve  in  this  menstruum  with  very 
great  difficulty.  Fluoride  of  aluminum  is  readily  soluble.  Most 
of  the  fluorides  corresponding  with  the  oxides  of  the  heavy  metals 
are  very  sparingly  soluble  in  water ; this  is  the  case,  for  instance, 
with  fluoride  of  copper,  fluoride  of  lead,  fluoride  of  zinc ; many 
other  fluorides  dissolve  in  water  without  difficulty,  such  are,  for 
instance,  the  perfluoride  of  iron,  protofluoride  of  tin,  perfluoride 
of  mercury,  &c.  Of  those  compounds  which  are  either  insoluble 
or  but  sparingly  soluble  in  water,  many  dissolve  in  free  hydro- 
fluoric acid,  whilst  others  remain  undissolved  in  this  menstruum. 
Most  of  the  fluorides  bear  ignition  in  a crucible  without  suffering 
decomposition. 

3.  Chloride  of  calcium  produces  in  aqueous  solutions  of  hy- 
drofluoric acid  or  of  fluorides,  a gelatinous  precipitate  of  fluoride 
of  calcium,  (Ca  FI,)  which  is  so  transparent,  as  at  first  to  induce 
the  belief,  that  the  fluid  has  remained  perfectly  clear  and  unal- 
tered. The  addition  of  ammonia  promotes  the  complete  separa- 
tion of  the  precipitate.  The  precipitated  fluoride  of  calcium  is 
insoluble  in  hydrochloric  acid  and  nitric  acid,  and  also  in 
alkaline  fluids  m the  cold ; a trace  of  it  dissolves,  however,  upon 
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boiling  with  hydrochloric  acid.  It  is  scarcely  more  soluble  in 
free  hydrofluoric  acid,  than  in  water. 

4.  If  any  finely-levigated  fluoride  be  mixed  with  pounded  glass 
or  sand , the  mixture  drenched  in  a test  tube,  with  concen- 
trated sulphuric  acid,  and  heat  applied,  fluosilicic  gas  will  be 
evolved,  which  will  form  dense  white  fumes  in  moist  air.  If 
this  gas  be  transmitted  through  water — (by  means  of  a bent  tube 
fitted  to  the  test-cylinder)— silicic  acid  will  separate  as  a gelatinous 
mass,  and  hydrofluosilicic  acid  will  be  formed,  which  latter  im- 
parts a strongly  acid  reaction  to  the  fluid.  Compare  § 46.  When 
operating  upon  very  minute  quantities,  it  is  advisable  to  transmit 
the  gas  simply  through  a glass  tube,  moistened  within,  when  the 
evolution  of  fluosilicic  gas  will  be  clearly  indicated  by  the  sepa- 
ration of  silicic  acid,  which  impairs  the  transparency  of  the  tube 
in  its  whole  length. 

5.  If  the  solution  of  a fluoride,  mixed  with  sulphuric  acid,  be 
poured  over  a glass  plate,  coated  with  bees-wax,  which  has  here 
and  there  been  removed  again  by  means  of  a pointed  instrument,* 
and  the  fluid  be  allowed  to  dry  upon  the  plate,  the  exposed  lines 
will,  upon  the  subsequent  removal  of  the  wax,  be  found  etched 
into  the  glass.  When  operating  upon  very  minute  quantities, 
the  mixture  of  the  fluoride  with  sulphuric  acid  may  be 
simply  poured  into  a watch-glass,  and  evaporated  to  dryness, 
at  a gentle  heat,  when,  upon  the  subsequent  removal  of  the  resi- 
due with  water,  the  internal  surface  of  the  glass  will  appear  dimmed. 

6.  If  a finely-levigated  fluoride,  no  matter  whether  soluble  or 
insoluble,  be  drenched  in  a platinum  crucible  with  concentrated 
sulphuric  acid,  the  crucible  covered  with  a glass  plate,  pre- 
pared as  directed  at  5,  and  then  exposed  to  a gentle  heat 

* The  coating  of  the  plate  may  be  readily  effected  by  melting  some  wax  upon 
it,  and  allowing  the  fused  mass  to  spread  equally  over  the  surface ; the  instru- 
ment used  for  tracing  the  exposed  lines  should  not  be  too  hard ; a pointed 
piece  of  wood  answers  the  purpose  best.  The  subsequent  removal  of  the 
wax  is  effected  by  heating  the  plate,  wiping  the  fused  mass  off,  and  washing 
the  plate  finally  with  oil  of  turpentine. 
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for  the  space  of  from  fifteen  to  thirty  minutes,  the  exposed  lines 
will,  upon  the  subsequent  removal  of  the  wax,  he  found  etched 
into  the  glass.  Care  must  be  taken  in  this  process  to  prevent 
the  melting  of  the  wax ; it  is  advisable  for  this  purpose  to  keep 
the  upper  surface  of  the  plate  moistened  with  water.  If  the 
quantity  of  hydrofluoric  acid  disengaged  by  the  sulphuric  acid 
be  very  minute,  the  etching  will  frequently  be  altogether  invisible 
upon  the  removal  of  the  wax  ; it  will,  however,  in  such  cases 
reappear  when  the  plate  is  breathed  upon.  This  reappearance  of 
the  etched  lines  is  owing  to  the  unequal  capacity  of  condensing 
water  which  the  etched  and  the  untouched  parts  of  the  plate  re- 
spectively possess. 


Remarks. — The  third  section  embraces  phosphoric  acid,  boracic 
acid,  oxalic  acid,  and  hydrofluoric  acid.  We  have  seen  that 
the  barytes  compounds  of  these  acids  are  dissolved  by  hydro- 
chloric acid,  apparently  without  undergoing  decomposition ; 
alkalies  therefore  reprecipitate  them  unaltered,  by  neutralizing 
the  hydrochloric  acid.  The  barytes  compounds  of  arsenious  acid, 
arsenic  acid,  and  chromic  acid  present,  however,  the  same  de- 
portment, and  must  therefore,  if  present,  be  removed  before  any 
conclusion  regarding  the  presence  of  phosphoric  acid,  boracic 
acid,  oxalic  acid,  or  hydrofluoric  acid,  can  be  drawn  from  this 
reprecipitation  of  a salt  of  barytes  by  alkalies.  But  even  leaving 
this  point  altogether  out  of  the  question,  no  great  value  is  to  be 
placed  on  this  reaction,  not  even  so  far  as  the  simple  detection 
of  these  acids  is  concerned,  and  far  less  still  as  regards  their 
separation  from  other  acids,  since  ammonia  fails  to  reprecipitate 
from  hydrochloric  solutions  the  salts  of  barytes  in  question,  and 
more  particularly  the  borate  of  barytes,  whenever  the  solution 
contains  any  considerable  proportion  of  free  acid,  or  of  an  ammo- 
niacal  salt.  Boracic  acid  may  be  detected  invariably  by  the 
characteristic  tint  which  it  communicates  to  the  flame  of  alcohol, 
provided  care  be  taken  to  concentrate  the  solution  sufficiently 
before  adding  the  alcohol,  and  in  the  case  of  borates,  to  mix 
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the  solution  with  a sufficient  amount  of  sulphuric  acid,  (con- 
centrated sulphuric  acid  answers  the  purpose  best).  Upon  eva- 
porating solutions  of  free  boracic  acid,  the  acid  is  to  be  combined 
with  an  alkali,  since  otherwise  a large  portion  of  it  will  volatilize 
with  the  aqueous  vapors.  Phosphoric  acid  is  sufficiently  cha- 
racterized by  the  yellow  precipitate  of  phosphate  of  silver,  by 
the  characteristic  properties  of  the  basic  phosphate  of  magnesia 
and  ammonia,  (more  particularly  the  insolubility  of  this  com- 
pound in  sal  ammoniac,)  by  the  deportment  of  phosphate  of  lead 
before  the  blow-pipe,  and  finally  and  more  particularly  by  the 
reaction  with  perchloride  of  iron  and  acetate  of  potass;  if  an 
excessive  amount  of  perchloride  of  iron  be  added,  in  the  latter 
process,  a far  less  copious  precipitate  will  form,  and,  in  some 
instances,  the  reagent  will  altogether  fail  to  produce  a precipitate, 
since  perpliosphate  of  iron  is  soluble  in  peracetate  of  iron.  — 
Oxalic  acid  may  always  be  readily  detected  by  solution  of 
gypsum  ; it  is  only  necessary  to  bear  in  mind  that  the  precipi- 
tated oxalate  of  lime  does  not  redissolve  in  acetic  acid,  (phosphate 
of  lime,)  but  redissolves  readily  in  dilute  hydrochloric  acid,  and 
changes  upon  ignition,  to  carbonate  of  lime,  differing  in  this  from 
fluoride  of  calcium.  The  oxalates  of  the  alkaline  earths  are  com- 
pletely decomposed  by  boiling  with  carbonate  of  soda.  Hydro- 
fluoric acid,  finally,  cannot  readily  be  confounded  with  other 
acids ; the  reaction  described  at  d.  4.  affords,  under  all  circum- 
stances, the  most  positive  test  and  proof  of  the  presence  of  this 
acid.  The  reactions  described  at  d.  5.  and  6.  are  applicable  only 
in  the  absence  of  silicic  acid ; this  is  to  be  borne  in  mind  when 
testing  for  hydrofluoric  acid. 

Fourth  Section  of  the  First  Group  of  the  Inorganic  Acids. 

# 

§ 100. 

a.  CARBONIC  ACID.  (C  02.) 

1.  Carbonic  acid  at  the  common  temperature  and  common 
atmospheric  pressure  is  a colorless  gas  of  far  greater  specific 
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gravity  than  the  air,  so  that  it  may  be  poured  from  one  vessel 
into  another.  It  dissolves  in  water  ; the  solution  has  a feebly 
acid  pungent  taste ; upon  applying  heat  to  the  solution,  the 
carbonic  acid  escapes. 

2.  Part  of  the  carbonates  lose  their  carbonic  acid  upon  igni- 
tion. All  the  carbonates  with  colorless  oxides  are  white  or  color- 
less. Only  those  with  alkaline  bases  are  soluble  in  water  in  the 
neutral  state.  The  solutions  manifest  a very  strong  alkaline  re- 
action. The  bicarbonates  with  alkaline  bases  are  soluble  in 
water,  and  so  are  also  the  bicarbonates  of  the  alkaline  earths  and 
some  of  the  bicarbonates  with  metallic  bases. 

3.  The  carbonates  are  decomposed  by  all  free  acids  soluble  in 
water,  with  the  exception  of  hydrocyanic  acid  and  hydrosulpliuric 
acid.  The  decomposition  of  the  carbonates  by  acids  is  attended 
with  effervescence,  the  carbonic  acid  being  disengaged  as  a 
colorless  and  almost  inodorous  gas  which  imparts  a transient  red- 
dish tint  to  litmus  paper.  It  is  necessary  to  apply  the  decom- 
posing acid  in  excess,  especially  when  operating  upon  carbonates 
with  alkaline  bases,  since  the  formation  of  bicarbonates  will 
frequently  prevent  effervescence,  if  too  little  of  the  decompos- 
ing acid  be  added.  Substances  which  it  is  intended  to  test  for 
carbonic  acid,  by  this  method,  should  first  be  drenched  with 
water  to  prevent  any  mistake  which  might  arise  from  the  escape 
of  air-bubbles  upon  treating  the  dry  substance  with  the  test-acid. 
Should  it  be  desirable  to  determine  by  a direct  experiment  whe- 
ther the  disengaged  gas  is  really  carbonic  acid  or  not,  this  may 
be  readily  accomplished  by  transferring  some  of  the  disengaged 
gas  (but  none  of  the  fluid)  from  the  test- cylinder  into  another 
tube,  adding  some  lime-water  to  it,  and  agitating  the  tube.  The 
formation  of  a copious  precipitate  will  prove  that  the  evolved  gas 
is  really  carbonic  acid. 

4.  Lime-water  and  water  of  barytes,  when  brought  into 
contact  with  carbonic  acid  or  with  soluble  carbonates,  produce 
white  precipitates  of  neutral  carbonate  of  lime,  (Ca  O,  C 02,) 
or  neutral  carbonate  of  barytes,  (Ba  0,  C 02).  When  testing 
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for  free  carbonic  acid,  these  reagents  ought  always  to  bo  added 
in  excess,  since  the  acid  carbonates  of  the  alkaline  earths  are 
soluble  in  water.  The  precipitated  carbonates  of  lime  and  barytes 
dissolve  in  acids,  with  effervescence,  and  are  not  reprecipitated 
from  such  solutions  by  ammonia,  after  the  complete  expulsion 
of  the  carbonic  acid  by  ebullition. 

5.  Chloride  of  calcium  and  chloride  of  barium  produce  in 
solutions  of  neutral  alkaline  carbonates  immediately  precipitates 
of  CARBONATE  OE  LIME  Or  of  CARBONATE  OF  BARYTES  ; ill  solu- 
tions of  bicarbonates  these  precipitates  are  formed  only  upon 
ebullition ; with  free  carbonic  acid  these  reagents  yield  no  preci- 
pitate. 

b.  SILICIC  ACID.  (Si  02.) 

1 • Silicic  acid  occurs  in  two  modifications ; the  one  is  soluble 
in  water  and  acids,  the  other  is  affected  hy  hydrofluoric  acid  alone. 
The  action  of  heat  converts  the  soluble  into  the  insoluble  modi- 
fication The  fusion  of  the  insoluble  modification,  with  pure 
alkalies  or  alkaline  carbonates,  gives  rise  to  the  formation 
of  a basic  alkaline  silicate,  which  is  soluble  in.  water,  and 
from  which  acids  separate  the  silicic  acid  in  its  soluble  modifica- 
tion. The  soluble  modification  dissolves  readily  when  boiled 
with  potass  ley  or  solution  of  carbonate  of  potass ; the  insoluble 
modification  dissolves  only  very  slowly  in  the  same  menstrua. 
The  silicates  of  the  alkalies  alone  are  soluble  in  water. 

2.  The  solutions  of  the  alkaline  silicates  are  decomposed  by  all 
acids ; when  the  solutions  are  highly  concentrated,  the  silicic 
acid  separates  in  the  form  of  gelatinous  flakes,  whilst  it  remains 
dissolved  in  more  dilute  solutions.  If  a dilute  solution  of  an 
alkaline  silicate  be  mixed  with  an  acid,  (hydrochloric  acid  or 
nitric  acid.)  and  the  mixture  subsequently  evaporated  to  dry- 
ness, the  silicic  acid  will  be  converted  from  its  soluble  into  its 
insoluble  modification,  and  will  remain  as  a white  gritty  powder 
when  the  residue  is  treated  with  water.  The  addition  of  sal- 
ammoniac  to  solutions  of  alkaline  silicates  also  causes  precipita- 
tion of  hydrated  silicic  acid. 
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3.  In  the  silicates  with  earthy  or  metallic  bases,  the  silicic  acid 
exists  also  either  in  its  soluble  or  in  its  insoluble  modifica- 
tion. The  silicates  with  the  soluble  modification  are  decomposed 
by  boiling  hydrochloric  or  nitric  acid,  the  silicic  acid  separating 
as  gelatinous  hydrate,  whilst  the  decomposing  acid  combines  with 
the  base.  But  these  acids  fail  to  act  upon  silicates  with  the 
insoluble  modification  of  silicic  acid.  To  effect  the  separation 
of  the  silicic  acid  from  silicates  of  the  latter  description,  these  are 
to  be  either  treated  in  the  humid  way  with  hydrofluoric  acid,  or 
fused  with  alkaline  carbonates. 

4.  Carbonate  of  soda  dissolves  a copious  amount  of  silicic 
acid  in  the  flame  of  the  blow-pipe  to  colorless  buttons  of  silicate 
of  soda,  which  remain  transparent  on  cooling ; the  carbonic  acid 
escapes  with  effervescence  in  this  process.  Inexperienced  students 
often  fail  to  produce  a clear  button,  because  they  use  too  much 
carbonate  of  soda  in  proportion  to  the  quantity  of  the  test- 
specimen. 

5.  Phosjj/iate  of  soda  and  ammonia  fails  nearly  altogether  to 
dissolve  silicic  acid.  The  silicic  acid  floats  about  in  the  trans- 
parent button  as  an  opaque  mass,  and  may  therefore  be  seen 
better  in  the  ignited  than  in  the  cold  button.  The  silicates 
show  the  same  deportment ; the  phosphate  of  soda  and  ammonia 
withdraws  their  base  from  them,  and  senarates  silicic  acid.  The 
bases  are  generally  dissolved,  whilst  the  silicic  acid  remains 
undissolved. 


Recapitulation  a))d  remarks. — Carbonic  acid  is  generally  very 
easily  detected  by  the  nearly  inodorous  gas  which  is  evolved 
when  the  carbonates  are  treated  with  acids.  When  operating 
upon  compounds  which,  besides  carbonic  acid  gas,  evolve  other 
gases,  the  disengaged  gas  is  to  be  tested  with  lime  water 
or  with  water  of  barytes.  Silicic  acid  in  its  soluble  modi- 
fication, (into  which  it  must  invariably  be  converted,)  may  be 
positively  detected,  under  all  circumstances,  by  supersaturating 
its  compounds  with  hydrochloric  acid,  evaporating  to  dryness, 
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treating  the  residue  with  water,  and  testing  the  undissolved  part 
before  the  blow-pipe. 

Second  Group  of  the  Inorganic  Acids. 

ACIDS  WHICH  ARE  PRECIPITATED  BY  NITRATE  OF  SILVER,  BUT 
NOT  by  CHLORIDE  of  barium:  Hydrochloric  Acid — Hydro- 
bromic  Acid — Hydriodic  Acid — Hydrocyanic  Acid — Hydro- 
sulphuric  Acid. 

h 101. 

All  the  silver  compounds  of  the  acids  belonging  to  this  group 
are  insoluble  in  dilute  nitric  acid.  The  acids  of  this  group  trans- 
pose with  metallic  oxides ; the  metals  combine  with  the  chlorine, 
bromine,  cyanogen,  iodine,  or  sulphur,  whilst  the  oxygen  of  the 
metallic  oxides  forms  water  with  the  hydrogen  of  the  liydracids. 

a.  HYDROCHLORIC  ACID.  (Cl  H.) 

1 . Hydrochloric  acid,  at  the  common  temperature  and  common 
atmospheric  pressure,  is  a colorless  gas  which  forms  dense  fumes 
in  the  air,  is  suffocating  and  very  irritant,  and  dissolves  in  water 
with  exceeding  facility.  The  solution  (common  hydrochloric 
acid)  loses  a large  portion  of  the  hydrochloric  gas  upon  lieat- 
ing. 

2.  The  neutral  chlorides  are  readily  soluble  in  water,  with  the 
exception  of  chloride  of  lead,  chloride  of  silver,  and  protochloride 
of  mercury ; most  of  the  chlorides  are  colorless.  Many  of 
them  volatilize  at  a high  temperature,  without  suffering  decom- 
position ; many  of  the  chlorides  decompose  upon  ignition,  and 
hut  few  of  them  are  fixed. 

3.  Nitrate  of  silver  produces  in  even  highly  dilute  solutions 
of  free  hydrochloric  acid  or  of  metallic  chlorides,  white  precipitates 
of  chloride  of  silver,  (Ag  Cl,)  which,  when  exposed  to  light, 
turn  first  violet,  and  subsequently  black,  are  insoluble  in  nitric 
acid,  hut  dissolve  readily  in  ammonia,  and  fuse  without  decom- 
position, when  heated.  (Vide  § 91.  a.  5.) 
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4.  Protonitrate  of  mercury  and  acetate  of  lead  produce  in 
solutions  containing  free  hydrochloric  acid  or  chlorides,  precipi- 
tates of  PROTOCHLORIDE  OF  MERCURY  (Hga  Cl)  and  CHLORIDE  OF 
lead  (Pb  Cl.)  For  the  properties  of  these  precipitates,  vide  § 
91.  b.  5,  and  c.  6. 

5.  When  chlorides  are  heated  in  with  peroxide  of  manganese 
and  sulphuric  acid , chlorine  is  evolved,  which  may  he  readily 
recognized  by  its  odor  and  yellowish-green  color. 

G.  If  a triturated  mixture  of  a chloride  with  chromate  of 
potash,  be  treated  with  concentrated  sulphuric  acid , in  a tubular 
retort,  at  a gentle  heat,  a deep  brownish-red  gas  will  be  copiously 
evolved;  (chromate  of  ferciiloride  of  chromium,  Cr  Cl3  + 2 
Cr  03  ;)  this  gas  condenses  into  a fluid  of  the  same  color,  and 
passes  over  into  the  receiver.  If  this  chromate  of  perchloride 
of  chromium  is  mixed  with  ammonia  in  excess,  a yellow- 
colored  liquid  is  produced ; the  yellow  tint  is  imparted  to  the 
fluid  by  the  chromate  of  ammonia  which  forms  in  this  pro- 
cess ; upon  the  addition  of  an  acid,  the  yellow  color  of  the  solu- 
tion changes  to  a reddish-yellow,  owing  to  the  formation  of  acid 
chromate  of  ammonia. 

b.  HYDROBROMIC  ACID.  (Br  H.) 

1.  Hydrobromic  acid  gas,  its  aqueous  solution,  and  the  me- 
tallic bromides,  offer  in  their  general  deportment  a great  ana- 
logy with  the  corresponding  chlorides. 

2.  Nitrate  of  silver  produces  in  aqueous  solutions  of  hydro- 
bromic acid  and  bromides  a yellowish- white  precipitate  of  bromide 
of  silver,  (Ag  Br,)  which  changes  to  violet  upon  exposure  to 
the  light ; this  precipitate  is  insoluble  in  dilute  nitric  acid,  and 
somewhat  sparingly  soluble  in  ammonia. 

3.  Nitric  acid  decomposes  hydrobromic  acid  and  the  bromides, 
— (with  the  exception  of  bromide  of  silver  and  perbromide  of 
mercury,) — upon  the  application  of  heat,  and  liberates  the  bro- 
mine, by  oxidizing  the  hydrogen  or  the  metal.  The  liberated 
bromine  colors  the  solution  yellowish -red.  When  operating  upon 
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bromides  in  tlie  solid  state,  yellowish-red  vapors  of  bromine  gas 
escape,  emitting  the  odor  of  chlorine ; these  vapors,  when  evolved 
in  sufficient  quantity,  condense  in  the  cold  part  of  the  test-tube 
into  small  drops. 

4.  Chlorine  gas,  or  solution  of  chlorine , liberates  bromine 
also  in  the  solutions  of  its  compounds ; the  fluid  assuming  a 
yellowish-red  tint,  if  the  quantity  of  the  bromine  present  is  not 
too  minute.  If  a yellow-colored  solution  of  this  kind  be  agitated 
with  some  ether , it  will  lose  its  color,  the  whole  of  the  bromine 
present  dissolving  in  the  ether,  which  will  now  appear  distinctly 
yellow,  even  though  but  a very  minute  quantity  of  bromine  be 
present.  If  the  ethereal  solution  of  bromine  be  now  agitated  with 
some  potass  ley,  the  yellow  tint  will  again  disappear,  and  the 
solution  will  now  contain  bromide  of  potassium  and  bromate  of 
potass.  Upon  the  evaporation  of  this  solution,  and  subsequent 
ignition  of  the  residue,  the  bromate  of  potass  is  converted  into 
bromide  of  potassium,  and  this  may  then  be  further  tested  as 
directed  at  5. 

5.  If  bromides  are  heated  with  peroxide  of  manganese  and  sul- 
phuric acid , yellowish-red  yapors  of  bromine  are  evolved. 
If  the  bromine  is  present  only  in  very  minute  quantity,  the  color 
of  these  vapors  may  not  be  visible.  The  experiment  is,  in  that 
case,  to  be  conducted  in  a small  retort,  and  the  evolved  vapors 
are  to  be  transmitted  through  a long  condensing  glass  tube,  and 
finally  received  into  small  test- cylinders,  containing  some  moist- 
ened starch. 

6.  When  moist  starch  is  brought  into  contactwith  free  bromine, 
no  matter  whether  in  solution  or  in  the  gaseous  state,  y^ellow 
bromide  of  starch  is  formed.  The  coloration  is  not  always 
instantaneous.  The  reaction  is  rendered  most  delicate  by  closing 
the  test-tube  which  contains  the  starch  drenched  with  the  fluid 
under  examination,  before  the  blow-pipe,  and  subsequently  in- 
verting it,  so  as  to  cause  the  moist  starch  to  occupy  the  upper 
part  of  the  tube  whilst  the  fluid  occupies  the  bottom.  The  pre- 
sence of  even  the  slightest  trace  of  bromine  will  now  impart  a 
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yellow  tint  to  tlio  starch,  after  the  lapse  of  from  12  to  2 l hours. 
This  tint  will  finally  disappear  again  after  the  lapse  of  some 
time. 

7.  If  a mixture  of  a bromide  with  chromate  of  potash  he  drenched 
with  sulphuric  acid,  and  heat  applied,  a brownish -red  gas  will  be 
evolved,  in  the  same  manner  as  is  the  case  with  the  chlorides. 
But  this  gas  consists  of  pure  bromine,  and  therefore  the 
fluid  passing  over,  will  not  turn  yellow,  but  colorless,  upon  super- 
saturation  with  ammonia. 

C.  HYDRIODIC  ACID.  (I  H.) 

1.  Hydriodic  acid  gas  resembles  hydrochloric  and  hydrobro- 
mic  acid  gas,  it  dissolves  copiously  in  water.  The  colorless 
hydrated  hydriodic  acid  turns  speedily  to  a reddish-brown  when  in 
contact  with  the  air  ; this  is  owing  to  the  formation  of  hydriodous 
acid  (1 2 II)  and  water. 

2.  The  iodides  also  correspond  in  many  respects  with  the 
chlorides.  Of  the  iodides  of  the  heavy  metals,  however,  far  more 
are  insoluble  in  -water  than  is  the  case  with  the  corresponding 
chlorides.  Many  iodides  show  characteristic  colorations. 

3.  Nitrate  of  silver  produces  in  aqueous  solutions  of  hydriodic 
acid  and  of  iodides,  yellowish  white  precipitates  of  iodide  of 
silver,  (Ag  I,)  which  turn  black  when  exposed  to  the  light ; these 
precipitates  are  insoluble  in  dilute  nitric  acid,  and  but  very  spa- 
ringly soluble  in  ammonia. 

4.  A solution  of  one  part  of  sulphate  of  copper , and  two  and  a 
quarter  parts  of  protosulphate  of  iron , throws  down  from  aqueous 
neutral  solutions  of  the  iodides,  rrotiodide  of  copper,  (Cu2  J) 
in  the  form  of  a dirty-white  precipitate.  The  additition  of  some 
ammonia  promotes  the  complete  precipitation  of  the  iodine. 
Chlorides  and  bromides  are  not  precipitated  by  this  reagent, 
(sulphate  of  copper  and  protosnlphate  of  iron.) 

5.  Nitric  acid  decomposes  the  hydriodic  acid  and  the  iodides 
in  the  same  manner  as  the  corresponding  bromides.  Colorless 
solutions  of  hydriodic  acid  or  of  the  iodides  acquire  therefore 


101.] 


IIYDRIODIC  ACID. 


177 


immediately  a brownish-yellow  tint  upon  the  addition  of  nitric  acid, 
even  in  tlie  cold;  and  from  concentrated  solutions  the  iodtne 
separates  as  a black  precipitate,  whilst  nitric  oxide  gas  escapes 
with  effervescence.  Solid  iodides,  when  heated  with  nitric  acid, 
evolve,  besides  nitric  oxide  gas,  violet  vapors  of  iodine,  which 
condense  upon  the  colder  parts  of  the  vessel  into  a blackish 
sublimate. 

f>.  Chlorine  gas,  and  solution  of  chlorine,  liberate  iodine  like- 
wise from  the  iodides,  but  the  liberated  iodine  combines  with  these 
reagents  when  added  in  excess,  to  colorless  chloride  of 
iodine. 

7.  If  iodides  are  heated  with  concentrated  sulphuric  acid, 
or  with  sulphuric  acid  and  peroxide  of  manganese,  iodine  is 
liberated,  which  may  be  readily  recognized  by  the  violet  color 
of  its  vapor.  If  concentrated  sulphuric  acid  alone  be  used, 
sulphurous  acid  will  be  evolved  in  conjunction  with  the  iodine. 
Should  the  quantity  of  iodine  present  be  very  minute,  the 
characteristic  color  of  its  vapor  will  not  appear  distinctly,  and  the 
operator  will  be  obliged  to  resort  to  the  use  of  starch  ; viz. 

8.  If  to  a solution  of  iodine  or  of  hydriodic  acid,  or  of  an 
iodide — (in  which  latter  case,  the  iodine  is  to  be  liberated  first  by 
addition  of  nitric  acid) — thin  starch  paste  be  added,  the  fluid  will 
acquire  a more  or  less  violet  or  blackish-blue  tint,  owing  to  the 
formation  of  iodide  of  starch,  even  though  only  the  most  mi- 
nute traces  of  iodine  be  present.  Should  the  amount  of  iodine 
present  be  considerable,  a blackish-blue  precipitate  of  iodide 
of  starch  will  be  formed.  If  solutions  of  chlorine  be  used 
to  effect  the  liberation  of  the  iodine,  this  should  be  added  very 
cautiously  to  prevent  the  formation  of  chloride  of  iodine,  since  no 
blue  solution  would  appear  in  that  case,  chloride  of  iodine  being  a 
colorless  substance.  The  best  way  of  detecting  the  iodine  in  dry 
compounds  of  any  description  is,  to  introduce  the  compound 
under  examination  into  a flask,  to  pour  concentrated  sulphuric 
acid  over  it,  and  to  close  the  flask  loosely  with  a stopper  to  which 
is  attached  a moistened  slip  of  paper,  or  better  still,  white  cotton 
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cloth,  covered  with  starch  powder,  or  imbued  with  starch  paste. 
After  the  lapse  of  a few  hours  this  will  acquire  a blue  tint,  even 
though  only  a minute  trace  of  iodine  be  present. 

U.  The  iodides  manifest  with  sulphuric  acid  in  conjunction 
with  chromate  of  potass  (compare  § 101.  a.  0.)  the  same  deport- 
ment they  exhibit  with  sulphuric  acid  alone. 

d.  HYDROCYANIC  ACID.  (Cy  II.) 

1.  Hydrocyanic  acid  is  a colorless,  volatile,  inflammable  liquid, 
the  odor  of  which  resembles  that  of  bitter  almonds ; it  is  miscible 
with  water  in  all  proportions,  and  speedily  undergoes  spontaneous 
decomposition  when  in  its  pure  state. 

2.  Those  cyanides  which  have  an  alkali  or  alkaline  earth  for 
base,  are  soluble  in  water  as  hydrocyanates.  They  are  readily 
decomposed  by  acids,  even  by  carbonic  acid,  but  ignition  fails  to 
decompose  them  when  the  access  of  air  is  precluded.  When 
fused  with  oxides  of  lead,  copper,  antimony,  tin,  &c.,  the 
cyanides  reduce  these  oxides,  and  are  converted  into  cyanates. 
Only  a few  of  those  cyanides  which  contain  heavy  metals  are 
soluble  in  water ; all  of  them  are  decomposed  upon  ignition,  and 
resolved  either  into  cyanogen  gas,  and  metal,  such  are  the  cyan- 
ides of  the  noble  metals,  or  into  nitrogen  gas  and  carburets ; 
such  are  the  cyanides  of  the  other  heavy  metals.  Many  of  the 
cyanides  with  heavy  metals  are  not  decomposed  by  dilute  oxygen 
acids,  and  but  with  difficulty  by  concentrated  nitric  acid.  Hydro- 
chloric acid  and  sulphuretted  hydrogen  decompose  most  of  them 
readily  and  completely. — Cyanogen  combines  with  several  metals, 
(iron,  manganese,  cobalt,  chromium,)  forming  compound  radicals, 
in  which  many  of  the  usual  methods  will  fail  to  detect  the  presence 
of  the  metals. 

3.  Nitrate  of  silver  produces,  in  solutions  of  free  hydro- 
cyanic acid  and  of  alkaline  hydrocyanates,  white  precipitates  of 
cyanide  of  silver,  (Ag  Cy)  which  are  readily  soluble  in  cyanide 
of  potassium,  dissolve  with  some  difficulty  in  ammonia,  and  are 
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insoluble  in  nitric  acid ; these  precipitates  are  decomposed  upon 
ignition,  and  leave  metallic  silver  with  some  paracyanide  of 
silver. 

4.  The  addition  of  a solution  of  pro  to  sulphate  of  iron  which 
has  been  for  some  time  in  contact  with  the  air,  to  the  solution 
of  an  alkaline  hydrocyan  ate,  gives  rise  to  the  formation  of  ferro- 
cyanide  of  potassium,  which  remains  in  solution,  and,  if  free  alkali 
is  present,  of  hydrated  ferroso-ferric  oxide,  which  precipitates.  If 
hydrochloric  acid  be  now  added  in  excess,  this  precipitate  will 
redissolve,  and  a new  precipitate  of  Prussian  blue  will  be  formed, 
or  the  fluid  will  at  least  acquire  a blue  tint.  (Compare  § 89./.  6.) 
Free  hydrocyanic  acid  must  consequently  first  be  combined  with 
an  alkali  before  its  detection  by  this  method  can  be  attempted. 

5.  If  to  a solution  of  hydrocyanic  acid,  potass  be  added  in 
excess,  and  subsequently  finely  levigated  peroxide  of  mercury , 
the  latter  substance  will  readily  dissolve  exactly  as  it  would  in 
free  hydrocyanic  acid.  Since  peroxide  of  mercury  is  soluble  in 
alkaline  fluids  only  in  presence  of  hydrocyanic  acid , this  re- 
action may  be  looked  upon  as  a positive  test  for  hydrocyanic 
acid. 

6.  Neither  of  the  above  methods  will  serve  to  effect  the 
detection  of  cyanogen  in  cyanide  of  mercury.  The  following 
process  is  pursued  to  detect  the  radical  in  this  compound. 
The  solution  under  examination  is  mixed  with  hydrochloric 
acid  and  metallic  iron.  This  gives  rise  to  the  separation  of 
metallic  mercury,  and  formation  of  hydrocyanic  acid  and  proto- 
chloride of  iron,  (which  latter  changes  partially  to  perchloride 
in  the  air).  If  potass  be  now  added  to  the  fluid,  ferrocyanide  of 
potassium  and  ferroso-ferric  oxide  will  be  formed,  and  finally, 
upon  subsequent  supersaturation  with  hydrochloric  acid,  Prussian 
blue.  Cyanide  of  mercury  may  be  readily  decomposed  also  by 
sulphuretted  hydrogen,  with  which  it  transposes  into  the  sulphurets 
of  mercury  and  hydrocyanic  acid.  The  action  of  heat,  as  already 
stated  at  2.  resolves  the  cyanide  of  mercury  into  metallic  mer- 
cury and  cyanogen  gas,  which  latter  may  be  readily  recognized  by 

N 2 


II YD RO SULPHUR  1C  ACID. 


180 


[§  101. 


the  characteristic  effect  which  it  produces  upon  the  olfactory 
organs,  and  moreover  hy  the  crimson  tint  of  its  flame. 

7 In  the  ferro  and  ferri- cyanides  with  alkaline  bases,  the  ferro 
and  ferri- cyanogen  may  he  readily  detected,  the  former  hy  means 
of  solution  of  a per  salt  of  iron,  or  solution  of  a proto-salt  of  cop- 
per, and  the  latter  hy  means  of  solution  of  proto-salt  of  iron.  The 
distillation  of  these  double  cyanides  with  sulphuric  acid  gives 
rise  to  the  evolution  of  free  hydrocyanic  acid.  The  insoluble 
ferrocyanides  and  ferricyanides  undergo  decomposition,  when 
heated  with  caustic  potass,  or  with  carbonate  of  potass ; ferro- 
cyanide  of  potassium  is  formed,  and  the  metals  separate  as  pure 
oxides,  or  as  carbonates. 


e.  HYDRO  SULPHURIC  ACID.  (H  S.) 

Sulphuretted  Hydrogen  Gas. 

1 . Sulphuretted  hydrogen,  at  the  common  temperature  and  under 
common  atmospheric  pressure,  is  a colorless,  inflammable  gas, 
soluble  in  water,  and  which  may  be  readily  recognized  by  its  cha- 
racteristic smell  of  rotten  eggs. 

2.  The  sulphurets  with  alkaline,  or  alkaline  earthy  bases  are 
alone,  soluble  in  water.  These,  and  the  sulphurets  of  metals 
of  the  fourth  group,  such  as  the  sulphurets  of  iron  and  man- 
ganese for  instance,  are  decomposed  by  dilute  mineral  acids, 
with  evolution  of  sulphuretted  hydrogen  gas,  which  may  be 
readily  detected  by  its  peculiar  smell,  and  by  its  actiou  upon 
solution  of  lead.  (Vide  3.)  The  decomposition  of  higher  sul- 
phurets is  attended  also  with  separation  of  sulphur  in  a highly 
divided  state ; this  sulphur  precipitate  may  be  readily  distin- 
guished from  similar  precipitates  by  its  inflammability.  Part  of 
the  sulphurets  of  the  fifth  and  sixth  group  are  decomposed  by 
concentrated  and  boiling  hydrochloric  acid,  with  evolution  of  sul- 
phuretted hydrogen  gas,  whilst  others  are  not  dissolved  by  hydro- 
chloric acid,  but  by  concentrated  and  boiling  nitric  acid.  The 
compounds  of  sulphur  with  mercury  resist  the  action  of  both 
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hydrochloric  and  nitric  acids,  but  dissolve  readily  in  aqua  regia. 
Upon  the  solution  of  sulphurets  in  nitric  acid,  and  in  aqua  regia, 
sulphuric  acid  is  formed,  and  the  process  of  solution  is,  more- 
over, attended  with  separation  of  sulphur  in  most  cases,  which  is 
readily  recognized  by  its  color  and  by  its  deportment  upon 
heating. 

3.  When  sulphuretted  hydrogen  in  solution,  or  in  the  gaseous 
form,  is  brought  into  contact  with  nitrate  of  silver  or  acetate  of 
lead , black  precipitates  of  sulphuret  of  silver  or  sulpiluret 
of  lead  are  formed.  (Vide  § 91.  a.  and§  91.  c .)  In  cases,  there- 
fore, where  the  mere  smell  fails  to  afford  sufficient  proof  of 
the  presence  of  sulphuretted  hydrogen,  this  reagent  will  lead 
to  positive  conviction.  When  the  sulphuretted  hydrogen  is  pre- 
sent in  the  gaseous  form,  a small  slip  of  paper,  moistened  with 
solution  of  basic  acetate  of  lead,  is  to  be  placed  in  the  air  which 
it  is  intended  to  test  for  the  presence  of  this  gas ; if  sulphuretted 
hydrogen  be  present,  this  paper  will  become  covered  with  a thin, 
brownish-black  and  lustrous  film  of  sulphuret  of  lead. 

4.  When  sulphurets  are  exposed  to  the  oxidizing  flame  of 
the  blow-pipe,  the  sulphur  burns  with  a blue  flame,  emitting  at 
the  same  time  the  well-known  odor  of  sulphurous  acid. 

Recapitulation  and  remarks. — Most  of  the  acids  of  the  first 
group  are  likewise  precipitated  by  nitrate  of  silver,  but  the  precipi- 
tates cannot  well  be  confounded  with  the  silver  compounds  of  the 
acids  of  the  second  group,  since  the  former  are  soluble  in  dilute 
nitric  acid,  whilst  the  latter  are  insoluble  in  that  menstruum. 
The  presence  of  hydrosulphuric  acid  interferes  more  or  less  with 
the  testing  for  the  other  acids  of  the  second  group  ; this  acid 
must,  therefore,  if  present,  be  removed  first,  before  vve  can  proceed 
to  test  for  the  other  acids.  The  removal  of  the  hydrosulphuric 
acid,  when  present  in  the  free  state,  may  be  effected  by  simple 
ebullition,  and  when  present  in  the  form  of  an  alkaline  sulphuret 
by  the  addition  of  a metallic  salt,  such  as  will  not  precipitate 
any  of  the  other  acids,  or  at  least  will  not  precipitate  them  from 
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acid  solutions.  Hydriodio  and  hydrocyanic  acid  may  be  detected 
even  in  presence  of  hydrochloric  or  hydrobromic  acid,  hy  the 
equally  characteristic  and  delicate  reactions  with  starch  and  with 
solution  of  ferroso-ferric  oxide.  But  the  detection  of  chlorine 
and  bromine  is  more  or  less  difficult  in  presence  of  iodine  and 
cyanogen.  Should  these  latter  substances  be  present,  it  will 
be  necessary  therefore  to  remove  them  before  proceeding  to 
test  for  chlorine  and  bromine.  The  separation  of  the  cyanogen 
may  be  readily  effected  by  converting  the  whole  of  the  radicals 
present  into  salts  of  silver,  and  igniting  subsequently  the  mixed 
compound  produced,  when  the  cyanide  of  silver  will  undergo  de- 
composition, whilst  the  chloride,  bromide,  and  iodide  of  silver  will 


remain  unaltered.  The  iodine  may  now  be  separated  from  the 
chlorine  and  bromine,  by  treating  the  mixed  silver  compound 
with  ammonia,  since  the  iodide  of  silver  is  nearly  altogether  in- 
soluble in  that  menstruum.  A still  more  accurate  separation  may 
be  effected  by  precipitating  the  iodine  as  protiodide  of  copper, 
since  the  whole  of  the  chlorine  and  bromine  remains  in  solution 
in  this  process.  Bromine  is  to  be  detected  by  the  side  of  chlorine, 
by  adding  to  the  mixed  compound  under  examination,  solution  ol 
chlorine,  or  hydrochloric  acid  and  chloride  of  lime,  and  dissolv- 
ing the  liberated  bromine  subsequently  with  ether.  Chlorine  by 
the  side  of  bromine  may  be  detected  by  the  reaction  which  it 
manifests  with  chromate  of  potass  and  sulphuric  acid. 


Third  Group  of  the  inorganic  Acids. 

ACIDS  WHICH  ARE  NOT  PRECIPITATED  BY  SALTS  OF  BARYTES 

nor  by  salts  of  silver  : Nitric  Acid — Chloric  Acid. 

§ 102. 

a.  nitric  acid.  (N05.) 

1.  Nitric  acid  cannot  be  exhibited  in  the  anhydrous  state. 
The  hydrate  of  pure  nitric  acid  is  a colorless,  exceedingly  caustic 
ffiiid,  which  emits  fumes  in  the  air,  exercises  a rapidly  destruc- 
tive action  upon  organic  substances,  and  colors  nitrogenous  mat- 
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ter  intensely  yellow.  Admixture  of  nitrous  acid  imparts  to  hydrated 
nitric  acid  a red  color. 

2.  All  the  neutral  salts  of  nitric  acid  are  soluble  in  water ; only 
a few  of  the  basic  nitrates  are  insoluble  in  this  menstruum.  All 
nitrates  without  exception  undergo  decomposition  at  an  intense 
red  heat.  Those  with  alkaline  bases  yield  oxygen  and  nitrogen  ; 
the  rest  yield  oxygen  and  nitrous  or  hyponitric  acid. 

3.  When  a nitrate  is  thrown  upon  red-hot  charcoal,  or  when 
charcoal  or  some  organic  substance,  paper  for  instance,  is 
brought  into  contact  with  a nitrate  in  fusion,  deflagration  takes 
place,  i.  e.  the  charcoal  burns  at  the  expense  of  the  oxygen  of  the 
nitric  acid,  the  combustion  being  attended  with  vivid  scintillation. 

4.  If  the  mixture  of  a nitrate  with  cyanide  of  potassium  in 
powder  be  heated  on  a platinum  plate,  a vivid  deflagration  will 
ensue,  attended  with  distinct  ignition  and  detonation.  Even  very 
minute  quantities  of  nitrates  may  be  detected  by  this  reaction. 

5.  If  the  solution  of  a nitrate  be  mixed  with  one-fourth  part  of 
its  quantity  of  concentrated  sulphuric  acid,  and  a chrystal  of 
protosulphate  of  iron  thrown  into  the  refrigerated  mixture,  the 
fluid  immediately  surrounding  this  chrystal  will  acquire  a dark 
brown  tint.  This  coloration  will  disappear  again  generally 
upon  simple  agitation  of  the  fluid,  and  invariably  upon  the  appli- 
cation of  heat.  In  this  process,  the  nitric  acid  is  decomposed  by 
the  protoxide  of  iron,  three-fifths  of  its  oxygen  combines  with 
the  protoxide,  and  converts  a portion  of  it  into  peroxide,  and  the 
remaining  nitric  oxide  combines  with  the  remaining  portion  of 
the  protoxide  of  iron,  forming  a peculiar  soluble  compound,  which, 
upon  its  solution  in  the  water  of  the  menstruum,  imparts  a 
brownish-black  color  to  the  latter. 

G.  If  to  the  solution  of  a nitrate  some  sulphuric  acid  be  added, 
and  as  much  solution  of  indigo  in  sulphuric  acid  as  will  impart  a 
faint  light-blue  tint  to  the  fluid,  and  the  mixture  be  heated  to 
boiling,  the  blue  coloration  of  the  fluid  will  change  to  a faint 
yellowish  tint,  or  the  solutiofl  will  even  become  perfectly  colorless. 
This  change  of  color  is  owing  to  the  oxidation  of  the  indigo  at 
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the  expense  of  the  oxygen  of  the  nitric  acid  which  is  liberated  by 
the  sulphuric  acid.  It  must  be  borne  in  mind,  however,  that 
several  other  substances  besides  nitric  acid,  cause  decoloration  of 
solution  of  indigo — free  chlorine  particularly  produces  this  effect. 

7.  If  concentrated  sulphuric  acid  be  poured  over  the  mixture  of 
a nitrate  with  copper -filings,  in  a test-tube,  the  air  in  the  latter 
will  acquire  a’  yellowish-red  tint,  owing  to  the  nitric  oxide  gas 
which  is  liberated  upon  the  oxidation  of  the  copper  by  the  nitric 
acid  combining  with  the  oxygen  of  the  air  and  forming  nitrous 
acid.  This  coloration  may  be  observed  most  distinctly  by  looking 
through  the  tube  in  the  direction  of  its  length. 

b.  CHLORIC  ACID.  (Cl  05.) 

1.  Chloric  acid  forms  in  its  most  highly  concentrated  solution  a 
yellow  oily  fluid  the  odor  of  which  resembles  that  of  nitric  acid. 
It  reddens  litmus  first  and  bleaches  it  subsequently.  Dilute 
chloric  acid  is  colorless  and  inodorous. 

2.  All  chlorates  are  soluble  in  water.  When  chlorates  are 
heated  to  redness,  the  whole  of  their  oxygen  escapes  and  metallic 
chlorides  remain. 

3.  When  heated  with  charcoal  or  some  organic  substance,  the 
chlorates  deflagrate,  and  this  with  far  greater  violence  than  the 
nitrates. 

4.  When  the  mixture  of  a chlorate  with  cyanide  of  potassium  is 
heated  on  a platinum  plate,  deflagration  takes  place,  attended 
with  strong  detonation  and  ignition,  even  though  the  chlorate  be 
present  only  in  very  minute  quantity.  (This  experiment  should  be 
made  with  minute  quantities  only.) 

5.  Free  chloric  acid  oxidizes  and  decolors  indigo  in  the  same 
manner  as  nitric  acid  ; consequently  if  the  solution  of  a chlorate  be 
mixed  with  sulphuric  acid  and  solution  of  indigo,  and  the  mix- 
ture be  heated  to  boiling,  the  same  phenomena  will  manifest  them- 
selves which  we  have  described  while  treating  of  nitric  acid,  (vide 
a . 6). 

(>.  If  the  solution  of  a chlorate  be  colored  light  blue  with  a 


§ 102.] 


CHLORIC  ACID. 


185 


small  amount  of  solution  of  indigo  in  sulphuric  acid,  and  a solu- 
tion of  sulphurous  acid  in  water  he  subsequently  dropped  cauti- 
ously into  the  blue  fluid,  the  color  of  the  indigo  will  disappear. 
The  cause  of  this  equally  characteristic  and  delicate  reaction  is 
this  : the  sulphurous  acid  deprives  the  chloric  acid  of  its  oxygen 
and  the  thus  liberated  chlorine  decolors  the  indigo. 

7.  Upon  heating  chlorates  with  hydrochloric  acid , the  constitu- 
ents of  the  two  acids  transpose  into  water  and  bichlorate  of 
chlorous  acid  (2  Cl  05  4-  Cl  03). 

8.  Concentrated  sulphuric  acid , when  poured  over  a chlorate, 
causes  the  conversion  two-thirds  of  the  metallic  oxide  into  a 
sulphate  and  the  remaining  one-tliird  into  a hyperchlorate ; 
this  conversion  is  attended,  moreover,  with  liberation  of  chlorate  of 
chlorous  acid,  which  imparts  an  intensely  yellow  tint  to  the  sul- 
phuric acid,  and  manifests  its  presence,  moreover,  by  its  odor  and 
the  greenish  color  of  the  evolved  gas.  [3  (KO,  Cl  05)  + 4 
S03  = 2 (KO,  2 S03)  + KO,  Cl  07)  + (Cl  05  + Cl  03)]. 
The  application  of  heat  must  be  avoided  in  this  experiment,  and 
the  quantities  operated  upon,  should  be  very  minute,  since  other- 
wise the  decomposition  might  ensue  with  such  force  and  energy  as 
to  cause  an  explosion. 

Recapitulation  and  remarks. — Of  all  the  reactions  which  have 
been  suggested  to  effect  the  detection  of  nitric  acid,  those  with 
proto-sulphate  of  iron  and  sulphuric  acid,  and  with  copper  filings 
and  sulphuric  acid,  yield  the  most  positive  results ; with  regard  to 
deflagration  with  charcoal,  detonation  with  cyanide  of  potassium, 
and  decoloration  of  solution  of  indigo,  we  have  seen  that  these 
reactions  belong  equally  to  chlorates  as  to  nitrates,  and.  are  con- 
sequently decisive  only  when  no  chloric  acid  is  present.  The  best 
way  to  ascertain  whether  chloric  acid  be  present  or  not,  is  to 
ignite  the  sample  under  examination,  to  dissolve  the  mass  sub- 
sequently, and  to  test  the  solution  finally  with  nitrate  of  silver. 
Should  a chlorate  be  present,  this  will  be  converted  into  a chloride 
upon  the  ignition  of  the  sample,  and  nitrate  of  silver  will 
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now  precipitate  chloride  of  silver  from  the  solution  of  the 
sample.  However,  this  test  is  thus  simple  only  when  no  chlo- 
ride happens  to  be  present  with  the  chlorate.  But  should  the 
substance  under  examination  contain  an  admixture  of  chloride,  it 
will  be  necessary,  in  the  first  place,  to  add  nitrate  of  silver  to 
its  solution,  until  this  ceases  to  produce  a precipitate;  the  fluid  is 
then  to  be  filtered  off  from  the  latter,  and  the  filtrate  subsequently 
evaporated  and  the  residue  ignited.  It  is,  however,  generally  un- 
necessary to  pursue  this  circuitous  way,  since  the  reactions  with 
concentrated  sulphuric  acid,  and  with  indigo  and  sulphurous  acid, 
are  sufficiently  marked  and  characteristic  to  afford  positive  proof 
of  the  presence  of  chloric  acid. 


II.  ORGANIC  ACIDS. 

First  Group. 

ACIDS  WHICH  ARE  PRECIPITATED  BY  CHLORIDE  OF  CALCIUM, 

under  certain  conditions  : Oxalic  Acid — Tartaric  Acid — 

Paratartaric  or  Racemic  Acid — Citric  Acid — Malic  Acid. 

§ 103. 

None  of  these  acids  volatilize  without  suffering  decomposition. 

a.  OXALIC  ACID. 

Dor  the  reactions  of  oxalic  acid  I refer  to  § 99.  c. 

b.  TARTARIC  ACID.  (C4  II2  05  = T.) 

1.  Tartaric  acid  forms  colorless  crystals  of  an  agreeable  acid 
taste,  which  are  persistent  in  the  air,  and  soluble  in  water  and 
in  spirit  of  wine.  Tartaric  acid  when  heated  fuses  at  first,  and 
becomes  subsequently  carbonized,  emitting  during  the  process  a 
very  peculiar  and  highly  characteristic  odor,  which  resembles  that 
of  burnt  sugar. 

2.  The  tartrates  with  alkaline  bases  are  soluble  in  water,  and 
so  are  those  with  the  metallic  oxides  of  the  third  and  fourth 


§ 108.] 


TARTARIC  ACID. 


187 


group , those  of  the  tartrates  which  are  insoluble  in  water,  dis- 
solve in  hydrochloric  or  nitric  acid.  The  tartrates  suffer  decom- 
position when  heated  to  redness ; charcoal  separates  and  the  same 
peculiar  odor  is  emitted  as  attends  the  carbonization  of  free 
tartaric  acid. 

3.  If  to  a solution  of  tartaric  acid,  or  to  that  of  a tartrate,  solu- 
tion of  peroxide  of  iron , or  of  protoxide  of  manganese  or  of 
alumina  he  added,  and  subsequently  ammonia  or  potass,  no  pre- 
cipitation of  peroxide  of  iron,  or  of  protoxide  of  manganese  or  of 
alumina  will  ensue,  since  the  new-formed  double  tartrates  are  not 
decomposed  by  alkalies.  Tartaric  acid  prevents  likewise  the  pre- 
cipitation of  several  other  oxides  by  alkalies. 

4.  Free  tartaric  acid  yields  with  salts  of  potass,  and  more  par- 
ticularly with  acetate  of  potass,  a sparingly  soluble  precipitate  of 
bitartrate  of  potass.  The  same  precipitate  is  formed,  when 
acetate  of  potass  and  free  acetic  acid,  or  bisulphate  of  potass,  are 
added  to  the  solution  of  a neutral  tartrate.  When  using  bisul- 
phate of  potass,  addition  in  excess  is  to  be  most  carefully  avoided. 
The  acid  tartrate  of  potass  dissolves  readily  in  alkalies  and  mineral 
acids ; tartaric  acid  and  acetic  acid  do  not  increase  its  solubility 
in  water.  The  precipitation  of  the  bitartrate  of  potass  may  be 
greatly  promoted  by  violent  agitation. 

5.  Chloride  of  calcium  throws  down  from  the  solutions  of 
neutral  tartrates,  white  precipitates  of  tartrate  of  lime 
(Ca  0,  T.)  Presence  of  ammoniacal  salts  retards  the  formation 
of  this  precipitate  for  a more  or  less  considerable  space  of  time. 
Agitation  of  the  fluid,  or  friction  on  the  sides  of  the  vessel,  pro- 
motes the  separation  of  the  precipitate.  Tartrate  of  lime  dis- 
solves in  a cold  solution  of  caustic  potass  to  a clear  fluid.  But 
upon  boiling  this  solution,  the  dissolved  tartrate  of  lime  separates 
again  in  the  form  of  a gelatinous  precipitate,  which  redissolves 
upon  cooling. 

6.  Lime-water  produces  in  solutions  of  neutral  tartrates,  or 
even  in  solutions  of  free  tartaric  acid,  (if  added  till  an  alkaline 
reaction  becomes  manifest,)  white  precipitates  which  dissolve 
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readily  in  tartaric  acid,  and  also  in  solution  of  sal  ammoniac  ; 
after  the  lapse  of  several  hours,  the  tartrate  of  lime  separates 
again  from  the  solutions  in  the  form  of  small  crystals  deposited 
upon  the  sides  of  the  vessel. 

7.  Solution  of  gypsum  fails  to  produce  a precipitate  in  a solu- 
tion of  tartaric  acid  ; in  solutions  of  neutral  tartrates,  this  reagent 
produces  a minute  precipitate,  after  the  lapse  of  some  time. 

C.  PARATARTARIC  ACID.  (RACEMIC  ACID.)  (C4  II 9 05=li.) 

1.  Racemic  acid  lias  the  same  composition  as  tartaric  acid.  In 
its  crystallized  state  it  contains  two  equivalents  of  water,  of  which 
it  loses  one  at  212°.  It  effloresces  very  slowly  in  dry  air. 
its  deportment  with  solvents,  and  when  acted  upon  by  heat, 
is  analogous  to  that  which  tartaric  acid  exhibits  under  the  same 
circumstances. 

2.  The  deportment  and  properties  of  the  paratartrates  are 
very  similar  to  those  of  the  corresponding  tartrates.  Many 
of  the  paratartrates  differ,  however,  from  corresponding  tartrates, 
in  form,  solubility,  and  proportional  amount  of  water.  The  para- 
tartrates prevent,  like  the  tartrates,  the  precipitation  of  alumina, 
protoxide  of  manganese,  peroxide  of  iron,  &c.,  by  alkalies. 

3.  Chloride  of  calcium  precipitates  both  from  the  solutions  of 
free  paratartaric  acid  of  paratartrates,  parataiitrate  of  lime, 
(Ca  0,  K),  as  a dazzling  white  powder.  This  precipitate  is  in- 
soluble in  sal  ammoniac,  but  it  dissolves  completely  in  cold  con- 
centrated potass  ley,  and  partially  in  dilute  solution  of  potass ; 
this  solution  turns  turbid  and  gelatinous  upon  boiling,  and  clears 
again  upon  cooling. 

4.  Lime-water  produces  in  solutions  of  neutral  paratar- 
trates, instantaneously,  white  precipitates  of  parataiitrate  oe 
lime.  It  produces  the  same  precipitate  in  solution  of  free  para- 
tartaric acid,  if  added  to  alkaline  reaction  ; but  if  a less  amount 
of  lime-water  be  used,  so  as  to  leave  the  solution  still  acid,  the 
precipitate  will  form  only  after  the  lapse  of  a few  moments. 
Paratortrate  of  lime  is  insoluble  both  in  paratartaric  and  tartaric 
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acid  ; it  dissolves  in  hydro  chloric  acid,  and  precipitates  again  from 
this  solution  instantaneously,  or  after  a few  moments,  upon  addi- 
tion of  ammonia  in  excess. 

5.  Solution  of  gypsum  produces  immediately  in  solutions  of 
neutral  paratartrates  a precipitate  of  paratartrate  of  lime  ; hut 
from  solutions  of  free  paratartaric  acid,  this  precipitate  separates 
only  after  the  lapse  of  from  ten  to  fifteen  minutes. 

6.  If  crystallized  paratartaric  acid,  or  a paratartrate  he  heated 
with  concentrated  sulphuric  acid , the  latter  will  acquire  a hlack 
color,  and  sulphurous  acid  and  carbonic  oxide  gas  will  be  evolved. 
Tartaric  acid  presents  the  same  deportment. 

d.  CITRIC  ACID.  (C4  H2  04=Ci.) 

1 . Citric  acid  crystallizes  in  colorless,  pellucid,  and  inodorous 
crystals  of  an  agreeable  acid  taste,  and  which,  according  to  the 
circumstances  attendant  upon  its  formation,  contain,  besides 
one  equivalent  of  hydration  water,  varying  amounts  of  crystalliza- 
tion water.  Citric  acid  is  unalterable  in  the  air,  and  dissolves 
readily  in  water  and  in  alcohol.  When  subjected  to  the  action 
of  heat,  citric  acid  fuses  at  first,  and  carbonizes  subsequently, 
with  emission  of  pungent  acid  fumes,  the  odor  of  which  may  be 
readily  distinguished  from  that  emitted  by  tartaric  acid  upon 
carbonization. 

2.  The  citrates  with  alkaline  bases  are  readily  soluble  in  water, 
both  in  the  neutral  and  acid  state ; the  same  applies  to  the  com- 
pounds of  citric  acid  with  such  of  the  metallic  oxides  as  are  weak 
bases,  with  peroxide  of  iron,  for  instance.  Citrates  prevent, 
like  tartrates,  and  for  the  same  reason,  the  precipitation  of 
peroxide  of  iron,  protoxide  of  manganese,  alumina,  &c.,  by  alka- 
lies. 

3.  Chloride  of  calcium  fails  to  produce  a precipitate  in  solution 
of  free  citric  acid,  even  upon  boiling  ; but  a precipitate  of  neutral 
citrate  of  lime  (Ca  0,  Ci)  will  immediately  form  if  the  free  citric 
acid  be  saturated  with  potass  or  soda.  This  precipitate  is  in- 
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soluble  in  potass,  but  it  dissolves  readily  in  solution  of  sal  ammo- 
niac ; upon  boiling  this  solution,  neutral  citrate  of  lime  separates 
again  in  the  form  of  a white  crystalline  precipitate.  If  a solution 
of  citric  acid,  containing  an  admixture  of  chloride  of  calcium,  be 
saturated  with  ammonia,  no  precipitation  will  ensue  in  the  cold, 
but  upon  boiling  the  clear  fluid,  neutral  citrate  of  lime  will  sud- 
denly precipitate. 

4.  Lime-water  produces  no  precipitate  in  cold  solutions  of 
citric  acid  or  of  citrates.  But  upon  heating  the  solution  to 
boiling,  with  a tolerable  excess  of  hot  lime-water,  a white  pre- 
cipitate of  citrate  of  lime  is  formed,  of  which  the  greater 
portion  redissolves  upon  cooling,  simply  because  it  is  less  soluble 
in  hot  than  in  cold  water. 

5.  Acetate  of  lead , when  added  in  excess,  produces  in  solutions 
of  citric  acid,  a white  precipitate  of  citrate  of  lead,  (Pb  O,  Ci,) 
which  is  very  sparingly  soluble  in  ammonia,  but  dissolves 
readily  in  citrate  of  ammonia.  The  addition  of  citric  acid  in 
excess  to  solution  of  neutral  acetate  of  lead  gives  equally  rise  to 
the  formation  of  a precipitate  of  citrate  of  lead ; but  this  preci- 
pitate redissolves  readily  upon  the  addition  of  ammonia.  We 
have  just  now  seen  that  the  citrate  of  lead  is  but  very  sparingly 
soluble  in  ammonia ; the  solution  therefore  is  not  caused  here 
by  the  ammonia,  but  by  the  citrate  of  ammonia,  which  the  excess 
of  the  acid  forms  with  the  ammonia  added. 

0.  Upon  subjecting  citric  acid  or  citrates  with  concentrated 
sulphuric  acid  to  the  action  of  heat,  carbonic  oxide  and  carbonic 
acid  escape  at  first,  the  sulphuric  acid  retaining  its  natural  ap- 
pearance ; upon  continued  ebullition,  however,  the  solution  ac- 
quires a dark  color,  and  sulphurous  acid  is  evolved. 

e.  malic  acid.  (C4  H2  04=M.) 

1.  The  composition  of  malic  acid  is  the  same  as  that  of 
citric  acid.  It  crystallizes  with  difficulty,  forming  crystalline 
crusts,  which  deliquesce  in  the  air,  and  dissolve  readily  in  water 
and  in  alcohol.  Malic  acid,  when  exposed  to  the  action  of  a heat 
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of  392°,  is  resolved  into  maleic  acid,  (C4  H 03),  and  fumaric 
acid  (Cj.  H 03).  This  deportment  of  malic  acid  is  highly  cha- 
racteristic. When  the  experiment  is  made  in  a small  spoon, 
pungent  acid  vapors  of  maleic  acid  are  evolved  with  effervescence. 
If  the  experiment  he  conducted  in  a small  tube,  these  fumes  will 
recondense  to  crystals  in  the  colder  part  of  the  tube.  The  fu- 
maric acid  remains  as  a residue. 

2.  Malic  acid  forms  with  most  bases,  salts  which  are  soluble  in 
water.  The  acid  malate  of  potass  dissolves  in  water.  Malic 
acid  prevents,  like  tartaric  acid,  the  precipitation  of  peroxide  of 
iron  by  alkalies. 

3.  Chloride  of  calcium  fails  to  produce  a precipitate  both  in 
solutions  of  free  malic  acid,  and  of  malates.  But  if,  after  the 
addition  of  the  chloride  of  calcium,  alcohol  be  added  to  the  solu- 
tion of  a malate,  malate  of  lime  (Ca  0,  M)  will  immediately 
separate  in  the  form  of  a white  powder. 

4.  Lime-water  produces  no  precipitate,  either  in  solutions  of 
free  malic  acid,  or  in  solutions  of  malates. 

o.  Acetate  of  lead  throws  down  from  solutions  of  malic  acid 
and  of  malates,  a white  precipitate  of  malate  of  lead  (Pb  0,  M). 
The  most  distinguishing  mark  of  this  precipitate  is  the  lowness 
of  its  fusing  point ; it  melts  at  a temperature  below  the  boiling 
point  of  water,  and  fuses  accordingly  when  the  fluid  wherein  it  is 
suspended  is  heated  to  ebullition  ; the  fused  mass  resembles  resin 
which  has  been  melted  under  water.  This  reaction  is  distinctly 
marked  only  when  the  malate  of  lead  is  tolerably  pure ; admix- 
ture of  other  salts  of  lead  impairs  it,  or  even  prevents  it  alto- 
gether. 

6.  Upon  subjecting  malic  acid,  with  concentrated  sulphuric 
acid,  to  the  action  of  heat,  the  sulphuric  acid  acquires  a black 
color,  and  sulphurous  acid  is  evolved. 

Recapitulation  and  remarks . — Of  the  organic  acids  of  this 
group,  the  tartaric  acid  and  paratartaric  acid  are  sufficiently  cha- 
racterized by  the  sparing  solubility  of  their  acid  potass  salts,  by 
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the  deportment  of  their  lime  salts  with  potass  ley,  and  by  the 
peculiar  odor  which  they  emit  upon  carbonization.  Tartrate  of 
lime  is  soluble  both  in  free  tartaric  acid  and  sal  ammonia ; whilst 
the  paratartrate  of  lime  is  insoluble  in  these  substances.  This 
different  deportment  of  the  respective  lime  salts  of  the  two  acids, 
affords  an  excellent  means  to  distinguish  the  latter  from  one 
another. — (It  must  be  borne  in  mind,  here,  that  tartrate  of  lime 
separates  again  from  its  solution  in  sal  ammoniac,  after  a shorter 
or  longer  space  of  time,  according  to  the  greater  or  less  degree  of 
concentration  of  the  solution. ) — Paratartaric  acid  differs  from  tartaric 
acid,  moreover,  in  its  deportment  with  solution  of  gypsum.  The 
behaviour  of  paratartaric  acid  with  solution  of  gypsum,  is  similar 
to  that  which  oxalic  acid  manifests  with  this  reagent.  When 
operating  upon  the  free  acids,  however,  this  similarity  of  deport- 
ment is  not  very  liable  to  occasion  mistakes,  since  the  precipitate 
which  solution  of  gypsum  produces  in  solutions  of  paratartaric 
acid,  never  separates  instantaneously.  The  oxalates,  moreover, 
are  to  be  readily  distinguished  from  the  paratartrates  by  the 
deportment  wdiicli  they  present  when  exposed  to  the  action  of  heat 
by  themselves,  as  well  as  with  sulphuric  acid. 

Citric  acid  is  recognized  most  safely  and  positively  by  its 
behaviour  with  lime  water,  or  with  chloride  of  calcium  and  ammo- 
nia ; the  sparing  solubility  of  the  washed  citrate  of  lead  in  am- 
monia, distinguishes  citric  acid  from  tartaric  and  paratartaric 
acids.  The  other  reagents  which  produce  precipitates  or  other 
alterations  in  the  solutions  of  citric  acid  and  citrates,  such  as  per- 
chloride  of  gold,  and  the  salts  of  silver  and  mercury,  &c.,  present 
the  same  or  a similar  deportment  with  tartaric  and  paratartaric 
acid,  and  therefore,  will  not  enable  us  to  distinguish  between 
these  acids.  Malic  acid  would  bo  sufficiently  characterized  by 
the  fusion  of  malate  of  lead  upon  ebullition  with  water,  were  this 
reaction  more  delicate,  and  not  so  readily  impaired  or  prevented 
by  the  presence  of  other  acids.  The  formation  of  a precipitate 
upon  the  addition  of  alcohol  to  the  mixture  of  a supposed  solution 
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solution  of  free  malic  acid,  or  a malate  with  chloride  of  calcium,  is 
to  be  looked  upon  as  an  indication  of  the  presence  of  malic  acid 
only  when  the  absence  of  all  other  acids  of  which  the  lime  salts  are 
sparingly  soluble  in  water,  and  altogether  insoluble  in  alcohol, 
(e.  g.  sulphuric  acid,  boracic  acid.)  is  most  clearly  demonstrated. 
At  all  events , the  precipitate  produced  upon  the  addition  of 
alcohol , must  he  subjected  to  further  examination  before  it  can 
be  properly  pronounced  to  consist  of  malate  of  lime . The  most 
positive  results  are  attained  by  heating  the  pure  malic  acid  in  a 
glass  tube  ; but  this  test  is  not  very  readily  applicable  under  all 
circumstances. 

Second  Group  of  the  Organic  Acids, 

ACIDS,  WHICH  CHLORIDE  OF  CALCIUM  FAILS  TO  PRECIPITATE 
UNDER  ANY  CIRCUMSTANCES,  BUT  WHICH  ARE  PRECIPITATED 
FROM  NEUTRAL  SOLUTIONS  BY  PERCHLOR TDE  OF  IRON  : Suc- 
cinic  acid — Benzoic  acid. 


§ 104. 

a.  SUCCINIC  ACID.  (C4H2  03  = S.) 

1.  Succinic  acid  forms  colorless  and  inodorous  crystalline  scales 
or  prisms,  of  feebly  acid  taste,  and  which  are  soluble  in  water, 
alcohol,  and  ether,  and  volatilize  without  residue  when  exposed  to 
the  action  of  heat.  The  officinal  acid  has  an  empyreumatic  odor, 
and  leaves  a small  carbonaceous  residue,  upon  volatilization. 

2.  The  succinates  are  decomposed  at  a red  heat,  with  the  ex- 
ception of  succinate  of  ammonia ; those  which  have  an  alkali  or 
alkaline  earth  for  base,  are  converted  into  carbonates  in  this  pro- 
cess. Most  of  the  succinates  are  soluble  in  water. 

3.  Per  chloride  of  iron  produces  in  solutions  of  neutral  succinates 
of  the  alkalies  brownish  pale  red,  bulky  precipitates  of  persuccinate 
of  iron  (Fe2  03,  Sa).  Persuccinate  of  iron  dissolves  readily  in 
acids ; it  is  decomposed  by  ammonia  in  this  manner,  that  a less 
bulky  precipitate  of  a highly  basic  persuccinate  of  iron  separates. 
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whilst  the  greater  portion  oi'  the  succinic  acid  dissolves  as  succi- 
nate of  ammonia. 

4.  Acetate  of  lead  yields  with  succinic  acid  a white  precipitate 
of  neutral  succinate  of  lead  (Pb  O,  S)  which  is  soluble  in  an 
excess  of  succinic  acid,  in  solution  of  acetate  of  lead  in  nitric 
acid,  also,  although  less  readily,  in  acetic  acid.  When  acted 
upon  by  ammonia  the  neutral  succinate  of  lead  is  converted  into  a 
basic  salt  (3  Pb  O,  S.) 

5.  A mixture  oi  alcohol,  ammonia , and  solution  of  chloride  of 
barium,  produces  in  solutions  of  free  succinic  acid  and  of  suc- 
cinates, white  precipitates  of  succinate  of  barytes  (Ba  0,  S): 

0.  Per  nitrate  of  mercury  and  nitrate  of  si  leer  also  precipi- 
tate the  succinates  ; the  precipitates,  however,  are  not  possessed 
of  any  characteristic  properties. 


b.  BENZOIC  ACID. 


(C14  H6  03— Bz  0.) 


1 . Pure  benzoic  acid  appears  in  the  form  of  white  scales  or 
needles,  or  simply  as  a crystalline  powder.  It  volatilizes  com- 
pletely when  heated.  The  fumes  of  benzoic  acid  cause  a pecu- 
liar irritating  sensation  in  the  throat,  and  provoke  coughing, 
d'he  common  officinal  benzoic  acid  has  the  odor  of  benzoin,  and 
leaves  a small  carbonaceous  residue  upon  volatilization.  Benzoic 
acid  is  very  sparingly  soluble  in  cold  water,  but  it  dissolves  pretty 
readily  in  hot  water,  and  in  alcohol. 

2.  Most  of  the  benzoates  are  soluble  in  water  ; only  those  with 
weak  bases,  such  as  peroxide  of  iron,  for  instance,  are  insoluble. 
The  soluble  benzoates  have  a peculiar  irritating  taste.  The  addi- 
tion of  a strong  acid  to  aqueous  solutions  of  benzoates  causes 
the  expulsion  of  the  benzoic  acid,  which  separates  in  the  form  of 
a dazzling  white,  sparingly  soluble  powder.  Benzoic  acid  is 
likewise  expelled  from  the  insoluble  benzoates  by  strong  acids, 
which  form  soluble  salts  with  the  bases  with  which  the  benzoic 
acid  is  comined. 

3.  Benzoic  acid  comports  itself  with  perchloride  of  iron  like 
succinic  acid.  The  perbenzoate  of  iron,  (Fc2  03,  3 Bz  0,) 
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however,  is  of  a far  lighter  and  more  yellowish  color  than  the 
persuccinate.  It  is  decomposed  by  ammonia  in  the  same  manner 
as  the  latter, 

4.  Acetate  of  lead  fails  to  precipitate  free  benzoic  acid,  and 
likewise  benzoate  of  ammonia,  at  least  immediately ; but  it  pro- 
duces white  flocculent  precipitates  in  solutions  of  benzoates  with 
fixed  alkaline  bases. 

5.  A mixture  of  alcohol,  ammonia , and  solution  of  chloride  of 
barium  produces  no  precipitate  in  solution  of  free  benzoic  acid, 
nor  in  solutions  of  the  alkaline  benzoates. 

Recapitulation  and  remarks. — Succinic  and  benzoic  acid  are 
distinguished  from  all  other  acids  by  tbeir  ready  volatility  and 
their  deportment  with  perchloride  of  iron.  They  differ  from  one 
another  in  the  color  of  their  persalts  of  iron,  but  principally  in 
their  respective  degrees  of  solubility,  succinic  acid  being  readily 
soluble,  whilst  benzoic  acid  is  very  difficult  of  solution ; they 
differ,  moreover,  in  their  respective  deportments  with  chloride  of 
barium  and  alcohol.  Succinic  acid  is  seldom  perfectly  pure,  and 
may  therefore  be  detected  also  by  the  odor  of  oil  of  amber  which 
it  emits. 

The  following  method  will  serve  to  effect  the  respective  detec- 
tion of  benzoic  and  succinic  acid  when  present  side  by  side : the 
solution  of  the  compound  under  examination  is  precipitated  with 
perchloride  of  iron,  the  precipitate  formed  is  heated  with  ammo- 
nia, and  the  solution  thus  obtained  subsequently  filtered.  The 
filtrate  is  then  concentrated  by  evaporation,  and  one  portion  of  it 
finally  mixed  with  hydrochloric  acid,  another  portion  with  chloride 
of  barium  and  alcohol. 
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Third  Group  of  (hr  Organic  Acids. 

ACIDS  WHICH  ARE  NOT  PRECIPITATED,  UNDER  ANY  CONDITION,  BY 
CHLORIDE  OF  CALCIUM  NOR  BY  PERCHLORIDE  OF  IRON  : Arche 
acid — Formic  arid . 


h 105. 

a.  ACETIC  ACID.  (C4  H3  Og=A.) 

1.  J lie  hydrate  of  acetic  acid  forms  transparent  crystalline 
scales  which  fuse  at  03°  to  a colorless  fluid  of  a peculiar  pun- 
gent odor  and  exceedingly  acid  taste.  Wien  exposed  to  the 
action  of  heat,  it  volatilizes  completely  in  pungent  vapors,  which 

are  inflammable  and  burn  with  a blue  flame.  It  is  miscible  with 

* 

water  in  all  proportions  ; it  is  to  such  mixtures  of  the  acid  with 
water  that  the  name  of  acetic  acid  is  commonly  applied.  The 
hydrate  of  acetic  acid  is  soluble  also  in  alcohol. 

2.  The  acetates  undergo  decomposition  at  a red-heat ; among 
the  products  of  this  decomposition,  we  find  generally  acetic  acid, 
and  invariably  acetone.  The  acetates  of  the  alkalies  and  alkaline 
earths  are  converted  into  carbonates,  in  this  process.  Many  of 
the  acetates  with  metallic  base  leave  the  metal  behind  in  its  pure 
state,  others  leave  it  in  the  form  of  oxide.  The  whole  of  the 
residues  which  the  acetates  leave  upon  ignition  are  carbonaceous. 
Nearly  the  whole  of  the  acetates  dissolve  in  water  and  in  alcohol; 
most  of  them  dissolve  readily  in  water,  and  a few  only  are  difficult 
of  solution  in  this  menstruum. 

3.  If  per  chloride  of  iron  be  added  to  acetic  acid,  and  the  acid 
he  then  saturated  with  ammonia,  or  if  a neutral  acetate  be  mixed 
with  perehloride  of  iron,  the  solution  will  acquire  a deep  dark  red 
tint,  owing  to  the  ensuing  formation  of  peracetate  of  iron. 
Ammonia  precipitates  the  whole  of  the  peroxide  of  iron  from  this 
solution. 

4.  Neutral  acetates  (but  not  free  acetic  acid)  yield  with  nitrate 
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of  silver , white  crystalline  precipitates  of  acetate  of  silver, 
(Ag  O,  A,)  which  are  very  sparingly  soluble  in  cold  water.  They 
dissolve  more  readily  in  hot  water,  but  separate  again,  upon  cool- 
ing, in  the  form  of  very  fine  crystals.  Ammonia  dissolves  them 
readily ; free  acetic  acid  does  not  increase  their  solubility  in 
water. 

5.  Protonitrate  of  mercury  produces  in  solutions  of  acetic  acid, 
and  more  readily  still  in  solutions  of  acetates,  white  scaly  crys- 
talline precipitates  of  pkotacetate  of  mercury,  (Hg2  O,  A), 
which  are  sparingly  soluble  in  water  and  acetic  acid,  in  the  cold, 
but  dissolve  readily  in  an  excess  of  the  precipitant.  Protacetate 
of  mercury  dissolves  in  water  upon  the  application  of  heat,  but 
separates  again  upon  cooling,  in  the  form  of  small  crystals ; in 
this  process,  the  protacetate  of  mercury  undergoes  partial  decom- 
position, a portion  of  the  mercury  separates  in  the  metallic  state, 
and  imparts  a grey  color  to  the  precipitate.  When  the  protace- 
tate of  mercury  is  boiled  with  dilute  acetic  acid  instead  of  water, 
the  quantity  of  the  metallic  mercury  which  separates  is  exceed- 
ingly minute. 

6.  When  acetates  are  heated  with  dilute  sulphuric  acid , acetic 
acid  is  evolved,  which  may  be  detected  by  its  pungent  odor. 
But  when  the  acetates  are  heated  with  a mixture  of  equal  por- 
tions of  concentrated  sulphuric  acid  and  alcohol , acetic  ether 
(C4  H50,  A=A.e  O,  A)  is  evolved.  The  odor  of  this  ether  is  highly 
characteristic  and  agreeable  ; it  is  particularly  perceptible  upon 
agitating  the  mixture  when  somewhat  refrigerated,  and  is  hardly 
liable  to  lead  to  mistakes,  at  any  rate  far  less  so  than  the  pungent 
odor  of  the  free  acetic  acid. 

7.  If  acetates  be  distilled  with  dilute  sulphuric  acid,  and  the 
distillate  be  subsequently  digested  with  an  excess  of  oxide  of  lead, 
part  of  the  latter  will  dissolve  as  a basic  acetate  of  lead,  which 
may  be  readily  detected  by  its  alkaline  reaction. 

b.  formic  acid.  (C2  H03=Fo  03.) 

i . The  hydrate  of  formic  acid  is  a colorless,  pellucid,  slightly 
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fuming  liquid  of  u characteristic  and  exceedingly  penetrating 
odor.  When  cooled  to  below  32°,  it  crystallizes  in  colorless 
plates.  It  is  miscible  in  all  proportions  with  water  and  with 
alcohol.  When  exposed  to  the  action  of  heat,  it  volatilizes  com- 
pletely ; the  vapor  is  inflammable  and  burns  with  a blue  flame. 

2.  The  formiates,  like  the  corresponding  acetates,  leave  upon 
ignition,  either  carbonates,  or  oxides,  or  metals,  behind,  the 
process  being  attended,  moreover,  with  separation  of  charcoal  and 
evolution  of  carburetted  hydrogen,  carbonic  acid,  and  water.  All 
the  compounds  of  formic  acid  with  bases  are  soluble  in  water ; 
alcohol  likewise  dissolves  some  of  them,  but  fails  to  dissolve 


others. 

3.  Formic  acid  presents  the  same  deportment  with  per  chloride 
of  iron  as  acetic  acid. 

4.  Nitrate  of  silver  fails  to  precipitate  free  formic  acid,  and 
precipitates  alkaline  formiates,  only  from  concentrated  solutions. 
The  white,  sparingly  soluble,  crystalline  precipitate  of  formiate 
of  silver,  (Ag  0,  Fo  03,)  acquires  very  speedily  a deeper  tint, 
owing  to  the  separation  of  metallic  silver.  This  reduction  of  the 
oxide  of  silver  to  the  metallic  state  takes  place,  even  in  the  cold, 
after  the  lapse  of  some  time,  and  immediately  upon  applying 
heat  to  the  fluid  containing  the  precipitated  formiate  of  silver. 
The  same  reduction  of  the  oxide  of  silver  to  the  metallic  state  is 
observed  even  in  solutions  of  free  formic  acid  and  in  solutions  of 
formiates,  which  are  so  dilute,  that  the  addition  of  the  nitrate 
of  silver  fails  to  produce  a precipitate.  The  rationale  of  this  re- 
duction is  as  follows : the  formic  acid,  which  may  be  looked  upon 
as  a compound  of  carbonic  oxide  with  water,  deprives  the  oxide 
of  silver  of  its  oxygen,  causing  thus  the  formation  of  carbonic 
acid,  which  escapes,  and  of  water,  whilst  the  reduced  silver  sepa- 
rates in  the  metallic  state. 

5.  Protonitrate  of  mercury  fails  to  precipitate  solutions  of  free 
formic  acid  ; but  in  concentrated  solutions  of  alkaline  formiates, 
this  reagent  produces  a white,  sparingly  soluble  precipitate  of 
frotoformiate  of  mercury.  (Hg2  O,  Fo  03),  which  turns  very 
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speedily  grey,  owing  to  the  separation  of  metallic  mercury.  Com- 
plete reduction  ensues,  even  in  the  cold,  after  the  lapse  of  some 
time  ; but  this  reduction  is  immediate  when  heat  is  applied  to  the 
fluid  containing  the  precipitate.  This  reduction  likewise  is  at- 
tended with  the  formation  of  carbonic  acid  and  water,  and  takes 
equally  place  in  solutions  of  free  formic  acid,  and  in  fluids  which 
are  so  highly  dilute  that  the  protoformiate  of  mercury  is  retained 
in  solution,  instead  of  precipitating. 

6.  If  formic  acid  or  an  alkaline  formiate  be  heated  to  from 
140°  to  158°  with  per  chloride  of  mercury,  frotociiloride  of 
mercury  will  precipitate.  If  the  mixture  he  heated  to  the  boiling 
point  of  water,  metallic  mercury  will  separate  in  conjunction 
with  the  protochloride. 

7.  When  formic  acid  or  a formiate  is  heated  with  concen- 
trated sulphuric  acid , the  formic  acid  is  resolved  into  water, 
and  carbonic  oxide  gas,  which  escapes  with  effervescence,  and 
when  kindled,  burns  with  a blue  flame.  The  mixture  does 
not  turn  black  in  this  process.  The  rationale  of  this  decomposi- 
tion of  the  formic  acid  is  this  : the  sulphuric  acid  withdraws  from 
the  formic  acid  the  water  or  the  oxide  necessary  for  the  existence 
of  the  latter  acid,  and  occasions  thus  a transposition  of  its  ele- 
ments (C2  H 03=2  C 0 T H O).  Upon  heating  a formiate 
with  dilute  sulphuric  acid,  formic  acid  escapes,  which  may 
be  readily  detected  by  its  odor.  When  a formiate  is  treated 
with  a mixture  of  sulphuric  acid  and  alcohol,  formic  ether  is 
evolved,  which  is  characterized  by  its  peculiar  arrack-like  smell. 

Recapitulation  and  remarks. — The  reactions  of  acetic  acid  and 
formic  acid  are  not  so  characteristic  as  those  of  many  other 
acids  ; the  positive  detection  of  these  two  acids  is  accordingly  to 
be  based  only  upon  the  concurrence  of  all  the  various  reactions 
which  I have  given.  The  odor  of  acetic  acid  and  that  of  acetic 
ether  form  the  most  ready,  its  deportment  with  oxide  of  lead, 
the  most  positive  test,  for  acetic  acid.  Formic  acid  is  to  be  de- 
tected best  by  its  behaviour  with  sulphuric  acid  and  with  the 
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salts  of  the  noble  metals.  The  separation  of  acetic  acid  from 
formic  acid  is  effected  by  beating  the  mixture  of  the  two  acids 
with  an  excess  of  peroxide  of  mercury,  or  of  oxide  of  silver 
The  formic  acid  reduces  the  oxides,  and  suffers  decomposition, 
being  resolved  into  carbonic  oxide  and  water  ; whilst  the  acetic  acid 
combines  with  the  oxides  to  acetates  which  remain  in  solution. 
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PART  11. 


P it  E LIMINARY  11 E M A R K S 

ON  THE 


COURSE  OF  QUALITATIVE  ANALYSIS  IN  GENERAL 

AND  ON  THE 


PLAN  OP  THIS  PAST  OP  THE  PRESENT  WORK  IN 


PARTICULAR. 


The  knowledge  of  the  reagents  and  of  the  deportment  which 
other  bodies  exhibit  with  them,  enables  us  to  ascertain  at  once 
whether  some  compound  or  other  of  which  the  physical  pro- 
perties permit  an  inference  to  its  nature,  is  in  reality  what  we 
take  it  to  be.  Thus,  for  instance,  a few  simple  reactions  convince 
us  that  a body  which  we  suppose  to  be  calcareous  spar,  is  really 
carbonate  of  lime,  and  that  another,  which  we  deem  gypsum,  is 
really  sulphate  of  lime.  This  knowledge  suffices  usually  also  to 
ascertain,  whether  a certain  body  is  present  or  not  in  some  com- 
pound or  other ; for  instance,  whether  a white  powder  contains 
protochloride  of  mercury  or  not.  But  if  our  design  is  to  ascer- 
tain the  chemical  nature  of  a substance  entirely  unknown  to  us, — 
if  we  wish  to  discover  all  the  constituents  of  a mixture  or  chemi- 
cal compound, — if  wo  intend  to  prove  that,  besides  certain  bodies 
which  we  have  detected  in  a mixture  or  compound,  no  other 
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substance  can  be  present, — consequently,  if  a complete  quali- 
tative analysis  is  our  object,  the  mere  knowledge  of  tbe 
reagents,  and  of  tbe  reactions  of  other  bodies  with  them,  will  not 
suffice  for  tbe  attainment  of  this  end  ; this  requires  tbe  additional 
knowledge  of  a systematic  and  progressive  course  of  analysis,  in 
other  words,  tbe  knowledge  of  the  order  and  succession  in  which 
solvents  and  general  and  special  reagents  ought  to  be  applied  to 
effect  tbe  speedy  and  safe  detection  of  every  individual  component 
of  a compound  or  mixture,  and  to  arrive  at  the  positive  body 
of  the  absence  of  all  other  substances.  If  wTe  do  not  pos- 
sess the  knowledge  of  this  systematic- course,  or  if,  in  the  hope 
of  attaining  our  object  more  rapidly,  we  adhere  to  no  method 
whatever  in  our  investigations  and  experiments,  analyzing  be- 
comes (at  least  in  the  hand  of  a novice)  mere  guess  work,  and 
the  results  obtained  are  no  longer  the  fruits  of  scientific  calcula- 
tion, but  mere  matters  of  accident,  which  sometimes  may  prove 
lucky  hits  and  at  others  total  failures. 

Every  analytical  investigation  must  therefore  be  based  upon  a 
definite  method.  But  it  is  not  by  any  means  necessary  that  this 
method  should  be  the  same  in  all  cases.  Practice,  reflection,  and 
a due  attention  to  circumstances,  will,  on  the  contrary,  generally 
lead  to  the  adoption  of  different  methods  for  different  cases. 
However,  all  analytical  methods  agree  in  this,  that  the  substances 
present,  or  supposed  to  be  present,  in  a compound  or  mixture,  are, 
in  the  first  place  to  be  classed  into  certain  groups,  which  are  then 
again  to  be  subdivided  until  the  individual  detection  of  the  various 
substances  present  is  finally  accomplished.  The  diversity  of 
analytical  methods  depends  partly  on  the  order  and  succession  in 
which  reagents  are  applied,  and  partly  on  their  selection. 

Before  we  can  venture  upon  inventing  methods  of  our  own  for 
individual  eases,  we  must  first  make  ourselves  thoroughly  con- 
versant with  a certain  definite  course  or  system  of  chemical  analysis 
in  general.  This  system  must  have  passed  through  the  ordeal  of 
experience,  and  must  be  adapted  to  every  case  imaginable,  so  that 
afterwards,  when  we  have  acquired  some  practice  in  analysis,  we 
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may  be  able  to  determine  which  modification  of  the  general  method 
will,  in  certain  given  cases,  most  readily  and  rapidly  lead  to  the 
attainment  of  the  object  in  view. 

The  exposition  of  such  a systematic  course,  adapted  to  all  cases, 
tested  by  experience,  and  combining  the  greatest  possible  simplicity 
with  the  greatest  possible  security,  is  the  object  of  the  second  part 
of  this  work. 

The  elements  and  compounds  comprised  in  it,  are  the  same 
which  I have  enumerated  in  my  preliminary  remarks. 

The  construction  of  a universally  applicable  systematic  course 
of  analysis  requires  due  regard  to,  and  provision  for,  every  con- 
tingency that  may  possibly  arise;  it  is  accordingly  self-evident 
that  the  various  substances  treated  of — (however  mixed  and  inter- 
mixed with  one  another  we  may  imagine  them  to  be) — must  be 
supposed  free  from  extraneous  organic  matters,  since  the  presence 
of  such  matters  prevents  the  manifestation  of  many  reactions,  and 
causes  various  modifications  in  others.  I do  not  by  any  means 
intend  to  assert  here  that  the  proposed  systematic  course  may  not 
be  exactly  followed  even  in  presence  of  many  organic  substances, 
especially  of  such  as  dissolve  in  water  to  colorless  or  clear  fluids. 
Experience  and  due  reflection  in  every  individual  case  will  best  in- 
struct the  young  chemist  how  to  act  in  cases  where  dark  coloring 
or  slimy  matters  happen  to  be  present.  For  the  most  important 
rules,  and  the  method  in  general,  I refer  to  § 132. 

This  part  of  the  work  is  divided  into  two  sections ; the  first  con- 
tains practical  instructions  in  analysis,  wherein  I have  laid 
down  a systematic  course  which,  progressing  step  by  step,  must 
finally  lead  to  the  end  in  view.  At  first  sight,  many  parts  of  it 
may  perhaps  be  deemed  rather  prolix ; I think,  however,  that  it 
would  have  scarcely  been  possible  to  abbreviate  it,  except  at  the 
expense  of  that  clearness  and  perspicuity  which  are  so  indispen- 
sible  to  render  a work  of  this  description  really  useful  to  the  young- 
student.  I hope,  moreover,  that  my  readers  will  soon  become  con- 
vinced by  experience  that  this  prolixity,  after  all,  does  not  prove 
any  serious  bar  to  the  celerity  with  which  the  systematic  course 
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maybe  gone  through,  since  I have  invariably  arranged  the  pheno- 
mena which  may  occur,  into  clearly  characterised  cases,  so  that 
the  student,  having  to  look  simply  and  exclusively  to  the  re- 
spective case  under  his  consideration,  and  one  number  always 
referring  to  the  other,  may  save  himself  the  trouble  of  reading 
through  those  parts  which  do  not  bear  upon  the  particular  case 
engaging  his  attention. 

The  subdivisions  of  this  practical  course  are,  1.  Preliminary 
examination  ; 2.  Solution ; 3.  Actual  examination  ; 4.  Confirma- 
tory experiments. 

The  third  subdivision  (the  actual  examination)  is  again  sub- 
divided into,  1.  Examination  of  compounds  in  which  but  one  basic 
and  one  acid  are  assumed  to  be  present ; and,  2.  Examination  of 
mixtures  or  compounds  in  which  all  the  substances  treated  of  in 
the  present  work  are  assumed  to  be  present.  With  respect  to  the 
latter  section  I have  to  remark  that  where  the  preliminary  exami- 
nation has  not  afforded  the  most  positive  conviction  of  the  absence 
of  certain  groups  of  substances,  the  student  cannot  safely  disregard 
any  paragraph  referred  to,  in  consequence  of  the  phenomena  that 
manifest  themselves.  In  cases  where  it  is  simply  intended  to  test  a 
compound  or  mixture  for  certain  substances,  and  not  to  ascertain 
all  its  constituents,  it  will  be  easy  to  select  the  particular  numbers 
which  ought  to  be  attended  to. 

The  second  section  contains  an  explanation  of  the  practical 
process  : an  exposition  of  the  principles  whereon  the  separation, 
and  of  the  causes,  whereon  the  detection  of  substances  depend  ; it 
contains,  moreover,  various  additions  to  the  first  section.  Students 
will  do  well  to  make  themselves  early  acquainted  with  this  part, 
which  may  be  properly  considered  as  a key  to  the  first  section. 

As  appendix  I give,  1.  a general  plan  of  the  order  and 

SUCCESSION  IN  WHICH  I WOULD  RECOMMEND  THE  YOUNG  STUDENT 
TO  ANALYSE  SUBSTANCES  FOR  PRACTICE  ; 2.  INSTRUCTIONS  IIOW 
TO  ARRANGE  THE  RESULTS  OF  HIS  INVESTIGATION  IN  THE  MOST 
ADVANTAGEOUS  MANNER  ; and  3.  A TABULAR  ARRANGEMENT  OF 
THE  MORE  FREQUENTLY  OCCURRING  FORMS  AND  COMPOUNDS 
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OF  THE  SUBSTANCES  ENUMERATED  IN  MY  PRELIMINARY  REMARKS, 
BASED  MORE  PARTICULARLY  UPON  THEIR  RESPECTIVE  DEGREE  OF 

solubility  in  water  and  acids.  The  first  is  intended  to  serve 
the  pupil  as  a guide  in  his  efforts  to  acquire  a sound  and  thorough 
knowledge  of  qualitative  analysis;  the  second  is  intended  to  afford 
him  a means  of  obtaining  a clear  view  over  the  whole  domain  of 
the  science  ; and  the  third  will  certainly  prove  useful  to  many  who 
are  not  yet  quite  conversant  with  the  various  degrees  of  solubility  of 
substances,  particularly  wdien  required  to  determine  the  man- 
ner the  acids,  bases,  &c.,  detected  in  the  course  of  an  analysis, 
were  originally  combined  in  the  examined  substance,  or  what  par- 
ticular acid  or  acids  cannot  possibly  co-exist  with  certain  bases  in 
aqueous  or  acid  solutions. 

In  compliance  with  the  expressed  wishes  of  many  parties,  I have 
added  to  this  edition  a chapter  treating  of  the  reactions  of  the 
more  frequently  occurring  alkaloids,  and  containing  a 
well-tried  method  to  effect  their  detection  in  the  systematic  course 
of  analysis. 


FIRST  SECTION. 

PRACTICAL  PROCESS. 

I.  PRELIMINARY  EXAMINATION. 

§ 100. 

The  operator  has,  in  the  first  place,  to  examine  the  physical 
properties — (color,  shape,  hardness,  gravity,  odor,  &c.) — of  the 
substance  which  he  intends  to  analyse,  since  these  will  often 
enable  him  in  some  measure  to  infer  the  nature  of  the  said  sub- 
stance. Before  proceeding  to  the  application  of  any  chemical 
process,  the  operator  should  invariably  consider  how  much  of  the 
substance  to  be  analysed  he  has  at  command,  since  it  is  necessary, 
at  this  early  period  of  the  examination,  to  calculate  the  quantity 
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which  may  be  spent  in  the  preliminary  investigation.  A reason- 
able economy  is  in  all  cases  advisable,  though  we  may  possess  the 
substance  in  large  quantities ; and  it  must  be  laid  down  as  a fixed 
rule,  never  to  use  at  once  the  whole  of  what  we  possess  of  a sub- 
stance, but  always  to  keep  a portion  of  it  for  unforeseen  con- 
tingencies, and  for  confirmatory  experiments. 

§ 107. 

A.  THE  BODY  UNDER  EXAMINATION  IS  SOLID. 

I.  IT  IS  NEITHER  A PURE  METAL  NOR  AN  ALLOY. 

1 . The  substance  is  fit  for  examination  when  in  powder  or  in 
minute  crystals  : but  when  in  larger  crystals  or  in  solid  pieces,  it 
is  necessary  in  the  first  place  to  reduce  a portion  of  it  to  powder, 
if  possible. 

2.  The  powder  is  heated  in  a small  iron  spoon,  over  a spirit- 
lamp  ; the  resulting  phenomena  may  lead  to  many  positive  or 
probable  conclusions  regarding  the  nature  of  the  substance. 

a.  Tiie  substance  remains  unaltered  : absence  of 

organic  substances,  salts  containing  water,  readily  fusible 

* 

matters,  and  volatile  bodies. 

b.  It  fuses  readily  and  re-solidifies  with  expulsion 
of  aqueous  VAroR  : salts  which  contain  water  of  crystalliza- 
tion If  the  solidified  residue  fuses  again  upon  the  applica- 
tion of  an  increased  heat,  c must  be  bad  regard  to. 

c.  It  fuses  without  expulsion  of  aqueous  vapor.  A 
small  piece  of  paper  is  added  to  the  melting  mass  ; if  defla- 
gration takes  place,  this  indicates  the  presence  of  nitrates, 
or  also  of  the  more  rarely  occurring  chlorates. 

j o 

d.  It  volatilizes  completely  or  partly.  In  the  first 
case,  no  fixed  bases  are  present  ; in  the  latter,  the  substance 
contains  a volatile  body  in  admixture. 

a.  No  odor  is  emitted.  In  this  case  we  have  to  look 
more  particularly  for  compounds  of  ammonia,  mercury, 
and  arsenic. 
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j3.  An  odor  is  emitted.  If  the  odor  is  that  of  sulphurous 
acid,  sulphur  is  present ; if  that  of  iodine,  and  if  the 
vapors  are  violet,  the  presence  of  free  iodine  is  certain. 
With  equal  certainty  free  benzoic  acid,  and  many  other 
substances,  may  be  detected  by  the  odor  of  their  vapors. 

e.  The  substance  is  a white  powder,  turning  yel- 
low upon  the  application  of  heat  ; this  indicates  oxide 

OF  ZINC,  OXIDE  OF  LEAD,  OR  OXIDE  OF  BISMUTH  ; the  Oxide 
of  zinc  resumes  its  white  color  upon  cooling,  but  the  oxide 
of  lead  and  oxide  of  bismuth  remain  yellow. 

f.  Carbonization  takes  place  : organic  substances.  If 
the  residue  effervesces  when  drenched  with  acids,  whilst  the 
original  substance  does  not  present  that  property,  this  indi- 
cates the  presence  of  organic  acids,  combined  with  alkalies 
or  alkaline  earths.  Odor  of  cyanogen  indicates  the  presence 
of  a CYANIDE. 

Many  substances,  moreover,  swell  up  considerably  upon 
the  application  of  heat;  such  are,  for  instance,  borax,  sul- 
phate of  alumina,  &c.  ; others  decrepitate,  e.  g.  chloride  of 
sodium,  and  chloride  of  potassium,  &c. : these  phenomena, 
however,  are  of  a less  conclusive  nature  than  the  pre- 
ceding. 

3.  A small  portion  of  the  substance  is  put  on  a charcoal  sup- 
port, and  exposed  to  the  reducing  flame  of  the  blow-pipe.  Since 
most  of  the  phenomena  just  now  described  (2)  are  equally  pro- 
duced by  this  process,  I will  enumerate  here  only  those  which  re- 
sult more  particularly  and  exclusively  from  its  application. 

a.  The  substance  volatilizes  partly  or  completely. 
This  indicates,  besides  the  substances  mentioned  in  § 107. 
2.  d .,  also  oxide  of  antimony,  and  several  other  oxides. 
(Compare  § 107.  3.  d.  fi.)  The  oxide  of  antimony  fuses 
previously  to  volatilizing  in  the  form  of  a white  vapor.  The 
presence  of  arsenious  or  arsenic  acid  is  indicated  by  the 
emission  of  the  characteristic  odor  of  garlic,  which  is  ren- 
dered more  strongly  perceptible  by  adding  the  carbonate  of 
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soda  to  the  sample  previously  to  exposing  it  to  the  blow-pipe 
tlame. 

b.  The  body  fuses,  and  is  imbibed  by  the  charcoal  ; 
this  indicates  the  presence  of  alkalies.  In  this  case,  a 
portion  of  the  finely  levigated  substance  is  placed  upon  the 
moistened  loop  of  a platinum  wire,  and  the  point  of  the  in- 
ner flame  is  directed  upon  it.  If  the  oxidizing  flame  assumes 
a violet  tint,  this  indicates  the  presence  of  potass  alone  ; if  a 
yellow  tint,  the  presence  of  soda, with  which  potass  may,  how- 
ever. be  admixed,  even  in  considerable  proportion,  since  the 
flame  appears  invariably  yellow  when  both  these  alkalies  are 
present. 

c.  The  substance  leaves  an  infusible  white  residue 

ON  THE  CHARCOAL,  EITHER  AT  ONCE,  OR  AFTER  PREVIOUS 
MELTING  IN  THE  CRYSTALLIZATION  WATER  ; this  indicates 
more  particularly  the  presence  of  barytes,  strontia,  lime,  mag- 
nesia, alumina,  zinc,  and  silicic  acid.  Among  these  sub- 
stances, strontia,  lime,  magnesia,  and  zinc,  are  distin- 
guished by  strong  luminousness  in  the  blow-pipe  flame.  The 
white  residue  is  touched  with  a drop  of  solution  of  protoni- 
trate of  cobalt,  and  is  then  again  strongly  ignited.  If  the 
mass  assumes  a fine  blue  tint,  this  indicates  the  presence  of 
alumina;  if  a reddish  tint,  of  magnesia;  if  a green  color, 
of  zinc.  When  silicic  acid  is  present,  the  mass  also 
assumes  a faint  bluish  tint,  which  should  not  be  confounded 
with  that  proceeding  from  the  presence  of  alumina.  Silicic 
acid  is  characterized  moreover  by  the  formation  of  a clear 
button  which  ensues,  attended  with  effervescence,  upon  ex- 
posing this  acid,  with  carbonate  of  soda,  to  a strong  blowT- 
pipe  flame.  (§  100.  b.) 

cl.  The  substance  leaves  an  infusible  residue  of  a 

DIFFERENT  COLOR,  OR  A REDUCTION  TO  THE  METALLIC  STATE 
TAKES  PLACE,  WITH  OR  WITHOUT  INCRUSTATION  OF  THE 

charcoal  support.  A portion  of  the  powder  is  mixed 
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with  carbonate  of  soda,  and  heated  on  charcoal  in  the  re- 
ducing flame. 

a.  The  continued  application  of  a strong  blast  produces 
a metallic  grain,  without  incrustation  of  the  charcoal ; this 
indicates  the  presence  of  gold,  silver,  tin,  or  copper. 
Platinum,  iron,  cobalt,  and  nickel,  are  likewise  reduced, 
but  yield  no  metallic  grains. 

(3.  The  charcoal  support  is  coated  over  with  an  incrus- 
tation, either  with  or  without  simultaneous  formation  of  a 
metallic  grain  ; this  indicates  the  presence  of  bismuth, 
lead,  cadmium,  antimony,  or  zinc. 

aa.  If  the  incrustation  is  white,  antimony  or  zinc 
may  be  supposed  to  be  present.  The  incrustation  pro- 
duced by  zinc  appears  yellow  as  long  as  it  remains  hot. 
The  pure  metallic  grain  of  antimony  continues  to  evolve 
white  vapors,  even  for  a long  time  after  all  application 
of  heat  has  been  withdrawn,  and  generally  becomes  at 
last,  upon  cooling,  surrounded  with  crystals  of  oxide  of 
antimony.  It  is  brittle  under  the  stroke  of  the  hammer. 

bb.  The  incrustation  is  more  or  less  yellow  or  brown  ; 
this  indicates  the  presence  of  bismuth,  lead,  or  cad- 
mium. The  yellow  incrustation  of  oxide  of  cadmium 
inclines  slightly  to  orange ; the  brownish-yellow  incrus- 
tations of  oxide  of  lead  and  oxide  of  bismuth  change  to 
a light  yellow  upon  cooling.  Cadmium  volatilizes  im- 
mediately upon  reduction.  The  grains  of  lead  are  very 
malleable,  whilst  the  grains  of  bismuth  are  brittle 
under  the  stroke  of  the  hammer. 

The  student  must  be  prepared  of  course,  to  meet  with  the  mani- 
festation of  mixed  phenomena,  arising  from  the  intermixture,  or 
combination  of  many  different  substances,  and  he  must  therefore  be 
guarded  in  his  conclusions,  since  it  is  impossible  to  give  defined  and 
characterized  cases,  which  will  offer  at  the  same  time,  the  advan- 
tage of  general  applicability. 
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IT.  THE  SUBSTANCE  IS  A METAL  OR  AN  ALLOY. 

1.  A small  portion  of  the  substance  is  heated  with  water, 
acidulated  with  acetic  acid. 

a.  Hydrogen  gas  is  evolved;  this  indicates  the  pre- 
sence of  a light  metal.  The  presence  of  alkalies  and  of 
alkaline  earths  must  be  had  regard  to  in  the  actual  examina- 
tion. 

b.  No  hydrogen  is  evolved  ; this  indicates  the  absence 
of  light  metals.  Alkalies  and  alkaline  earths  may  be  alto- 
gether disregarded  in  the  course  of  the  special  investigation. 

2.  A portion  of  the  substance  is  heated  on  charcoal,  in  the  re- 
ducing flame  of  the  blow-pipe,  and  the  ensuing  phenomena  are  care- 
fully watched  ; whether  the  substance  fuses,  for  instance,  whether  an 
incrustation  is  formed,  whether  an  odor  is  emitted,  &c. 

a.  The  substance  remains  unaltered  ; this  is  pretty 
conclusive  of  the  absence  of  antimony,  zinc,  lead,  bismuth, 
cadmium,  tin,  mercury,  and  arsenic  ; the  absence  of  gold, 
silver,  and  copper,  is  also  probable  ; it  indicates  the  presence 
Of  PLATINUM,  IRON,  MANGANESE,  NICKEL,  01'  COBALT. 

b.  The  SUBSTANCE  FUSES  WITHOUT  SIMULTANEOUS  IN- 
CRUSTATION, and  without  odor  ; this  indicates  the  absence 
of  antimony,  zinc,  lead,  bismuth,  cadmium,  and  arsenic,  and 
the  presence  of  gold,  silver,  copper,  or  tin. 

c.  The  SUBSTANCE  FUSES,  and  an  incrustation  is 
formed,  but  no  odor  emitted;  this  indicates  the  absence 
of  arsenic,  and  the  presence  of  antimony,  zinc,  bismuth, 
lead,  or  cadmium.  (Compare  § 107.  I.  3.  d.  /3.) 

d.  The  substance  emits  the  odor  of  garlic  ; this 
indicates  the  presence  of  arsenic.  For  the  other  phenomena 
which  may  manifest  themselves,  1 refer  to  a.  b.  or  c. 

3.  A portion  of  the  substance  is  heated  before  the  blow-pipe  in 
a glass  tube,  sealed  at  one  end. 

a.  No  sublimate  is  formed  in  the  colder  part  of 
the  tube  ; this  indicates  the  absence  of  mercury. 
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b.  A sublimate  is  formed  ; this  indicates  the  presence 
of  mercury,  cadmium,  or  arsenic.  The  sublimate  of  mer- 
cury which  consists  of  small  globules,  cannot  possibly  he 
confounded  with  the  sublimate  of  cadmium  or  arsenic. 


§ 108. 

B.  the  substance  under  examination  is  a fluid. 

1.  A small  portion  of  the  fluid  is  evaporated  in  a platinum 
spoon,  or  in  a small  porcelain  crucible,  to  ascertain  in  the  first 
place  whether  the  fluid  contains  any  matter  in  solution  ; the 
nature  of  the  residue  is  then  examined  according  to  the  directions 
given  at  § 107. 

2.  The  fluid  is  tested  with  litmus  papers  (blue  and  reddened). 

a . The  fluid  reddens  blue  litmus  paper.  This 
reaction  may  be  caused  by  a free  acid,  an  acid  salt,  or 
by  a soluble  metallic  salt.  In  order  to  distinguish  be- 
tween these  cases,  a small  quantity  of  the  liquid  is  poured 
into  a watch-glass,  and  a little  rod  placed  in  it,  the  ex- 
treme point  of  which  has  previously  been  dipped  into 
dilute  solution  of  carbonate  of  potass ; if  the  fluid  remains 
clear,  or  if  the  precipitate  which  may  form  at  first,  redissolves 
upon  stirring  the  liquid,  this  proves  the  presence  of  a free 
acid  or  of  an  acid  salt ; but  if  the  fluid  becomes  and  remains 
turbid,  this  generally  proves  the  presence  of  a soluble 
metallic  salt.  As  a matter  of  course,  a solution  which 
contains  a free  acid  or  an  acid  salt  can  no  longer  be  con- 
sidered simply  aqueous,  and  the  subsequent  examination 
must  accordingly  proceed  with  due  regard  to  the  possible 
presence  of  substances  insoluble  in  water  but  soluble  in 
acids. 

b.  Reddened  litmus  paper  turns  blue;  this  indicates 
the  presence  of  free  alkalies  or  alkalines  carbonate,  free 
alkaline  earths,  alkaline  sulphurets,  and  of  a number 


2 1 4 


SYSTEMATIC  COURSE  OF 


r§  loo. 

of  other  salts.  Substances  dissolved  in  fluids  containing 
a free  alkali,  may  belong  to  the  class  of  acids  soluble  in 
water  as  well  as  to  that  of  bodies  insoluble  in  that  men- 
struum. The  way  in  which  this  point  is  to  be  settled,  and 
further  information  on  the  subject  of  alkaline  solutions  in 
general,  will  be  found  at  § 117.  I.  2. 

3.  The  fluid  is  examined  by  smelling  and  tasting,  or,  should 
this  fail  to  yield  satisfactory  results,  by  distillation,  whether  the 
simple  solvent  present  is  water,  alcohol,  ether,  &c.  If  it  is  found 
not  to  be  water,  the  solution  is  evaporated  to  dryness,  and  the 
residue  treated  according  to  § 107. 

4.  If  the  solution  happens  to  be  aqueous,  and  manifests  an  acid 
reaction,  a portion  of  it  is  highly  diluted  with  water.  If  this  ad- 
dition of  water  to  the  fluid  imparts  a milky  and  turbid  appearance 
to  the  latter,  the  presence  of  antimony,  bismuth,  or  tin,  may 
be  inferred.  If  the  precipitate  disappears  upon  the  addition  of 
tartaric  acid,  we  may  conclude  that  antimony  is  present,  whilst  its 
persistence  with  tartaric,  and  re-solution  by  acetic  acid,  indicates 
the  presence  of  bismuth.  The  original  fluid  is  then  treated 
either  as  directed  at  § 110,  or  at  § 117,  according  to  whether  the 
operator  has  reason  to  suppose  it  to  be  the  solution  of  a simple, 
or  that  of  a compound,  or  mixed  substance. 

II.  SOLUTION  OF  BODIES  OR  CLASSIFICATION  OF  SUBSTANCES 
ACCORDING  TO  THEIR  DEPORTMENT  WITH  CERTAIN  SOL- 
VENTS. 

§ 109. 

Water  and  hydrochloric  acid,  or  in  certain  cases  nitric  acid, 
are  the  solvents  used  to  classify  simple  or  compound  substances, 
and  to  isolate  the  component  parts  of  mixtures.  We  divide  the 
various  substances  into  three  classes,  according  to  their  respective 
deportment  with  these  solvents. 

First  class.  Substances  soluble  in  water. 

Second  class. — Substances  insoluble  or  sparingly 
soluble  in  water,  but  soluble  in  hydrochloric  or 
nitric  acid. 
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Third  class. — Substances  insoluble  or  sparingly 

SOLUBLE,  IN  WATER  AND  HYDROCHLORIC  OR  NITRIC  ACID. 

The  solution  of  alloys  being  more  appropriately  effected  in  a 
different  manner  from  that  pursued  with  other  bodies,  I shall 
give  a special  method  for  alloys,  (vide  B.) 

The  process  of  solution  or  separation  is  conducted  in  the  follow- 
ing manner. 


A.  THE  SUBSTANCE  UNDER  EXAMINATION  IS  NEITHER  A METAL 

NOR  AN  ALLOY". 

1.  About  fifteen  or  twenty  grains  of  the  finely  levigated  sub- 
stance under  examination,  are  covered  in  a test-tube  with  from  ten 
to  twelve  times  the  amount  of  distilled  water,  and  the  mixture  is 
heated  to  boiling  over  a spirit-lamp. 

a.  The  SUBSTANCE  DISSOLVES  COMPLETELY.  Ill  this 
case  it  belongs  to  the  first  class ; regard  must  be  had  to 
what  has  been  stated  in  § 108.  2.  concerning  reactions.  The 
solution  is  treated  either  as  directed  at  § 110,  or  as  directed 
at  § 117,  as  either  one  or  several  acids  and  bases  are  sup- 
posed to  be  present. 

h.  A RESIDUE  REMAINS  EVEN  AFTER  PROTRACTED  BOIL- 
ING of  the  solution.  The  residue  is  allowed  to  subside, 
and  the  fluid  filtered  off  if  possible  in  such  a manner  as  to  leave 
the  residue  in  the  test-tube  ; a few  drops  of  the  clear  filtrate 
are  then  evaporated  on  a clean  platinum  plate ; if  no  residue 
remains,  the  substance  is  completely  insoluble  in  water,  and 
is  then  further  treated  as  directed  at  § 109.  2.  But  if  a 
residue  remains,  the  substance  is  at  least  partly  soluble. 
The  original  residue  is  in  that  case  boiled  once  more  with 
water,  the  fluid  is  filtered  off,  and  the  filtrate  finally  added 
to  the  original  solution,  which  is  then  treated,  according  to 
circumstances,  either  as  directed  at  § 110,  or  as  directed 
at  § 117.  The  residue  is  washed  w7ith  water,  and  subse- 
quently treated  in  conformity  with  the  directions  of  § 109.  2. 
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2.  The  residue  of  1.  is  drenched  with  dilute  hydrochloric 
acid.  Should  this  fail  to  dissolve  it,  the  mixture  is  to  be  heated 
to  the  boiling  point,  and  should  even  this  fail  to  effect  a perfect 
solution,  the  fluid  is  to  be  decanted,  and  the  residue  boiled  with 
concentrated  hydrochloric  acid. 

The  phenomena  which  may  manifest  themselves  in  this 
operation,  and  which  ought  to  be  carefully  observed  are,  a. 
Effervescence,  which  indicates  the  presence  of  carbonic  acid, 
or  sulphuretted  hydrogen,  (vide  § 111.  2.);  Evolution  of 
chlorine,  which  indicates  the  presence  of  liyperoxides,  chro- 
mates, Ac. ; y.  Emission  of  the  odor  of  hydrocyanic  acid, 
which  indicates  the  presence  of  insoluble  cyanides.  Since  the 
latter  are  more  appropriately  decomposed  in  a different  way 
from  that  pursued  in  the  case  of  other  substances,  a special 
paragraph  will  be  devoted  to  them.  (Yide  § 131.) 

a.  The  residue  is  completely  dissolved  by  the  hy- 
drochloric acid  ; the  solution  is  treated,  according  to  cir- 
cumstances, either  as  directed  at  § 113,  or  as  directed  at 
§ 117.  II.  The  substance  belongs  to  the  second  class. 

Substances  which  when  tested  with  hydrochloric  acid,  leave 
simply  a residue  of  undissolved  sulphur  which  is  readily  re- 
cognized by  its  color  and  specific  weight,  belong  also  to  the 
second  class,  and  are  treated  accordingly. 

b.  A residue  remains.  In  this  case  the  test-tube  con- 
taining the  specimen  wliich  has  been  boiled  with  the  hydro- 
chloric acid,  is  put  aside  pro  tempore,  and  another  portion  of 
the  substance  under  examination  is  boiled  with  nitric  acid, 
with  subsequent  addition  of  water. 

a.  The  specimen  is  completely  dissolved , or  sulphur 
alone  remains  undissolved ; the  body  in  these  cases  also 
belongs  to  the  second  class  ; this  solution  is  then  further 
tested  for  bases,  according  to  circumstances,  either  as  di- 
rected § 113,  or  in  conformity  to  the  directions  of  § 117. 
TIT. 

/3.  A residue  remains. 
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aa.  The  operator  has  reason  to  suppose  that 

THE  SUBSTANCE  UNDER  EXAMINATION  CONTAINS  ONLY 

one  base  and  one  acid.  The  substance  is  drenched 
with  aqua  regia,  and  heat  applied. 

aa.  The  substance  dissolves.  The  solution  is 
treated  according  to  § 113. 

/3j3.  The  substance  does  not  dissolve.  In  that  case 
the  operator  has  to  proceed  according  to  the  direc- 
tions given  at  § 116. 

::  bb.  The  operator  has  reason  to  suppose  that  the 

SUBSTANCE  UNDER  EXAMINATION  IS  A COMPLEX  COMPOUND 

or  mixture.  In  this  case  the  reserved  hydrochloric  solu- 
tion (§  109.  A.  2.  b.)  is  tested  for  the  bases.  It  is  for  this 
purpose  heated  to  boiling  with  the  insoluble  residue — 
(which  latter  is  subsequently  to  be  treated  as  directed 
at  § 109.  3) — and  filtered  hot  into  a tube  containing 
some  water ; the  residue  is  then  again  boiled  with  some 
water,  and  the  fluid  subsequently  filtered  off*  hot,  and 
added  to  the  hydrochloric  acid  solution. 

aa.  The  filtrate  becomes  turbid  and  milky;  this 
indicates  antimony  and  bismuth  ; or  it  deposits  fine 
crystals : this  indicates  the  presence  of  lead.  The 
filtrate  is  heated  (if  needed,  with  the  addition  of  some 
hydrochloric  acid)  until  it  clears  again  ; the  further 
process  is  conducted  according  to  the  directions  of 
§ 117.  II. 

ftp.  The  filtrate  remains  clear.  A few  drops  of  it 
are  evaporated  to  ascertain  beyond  doubt  whether 
the  hydrochloric  acid  has  really  dissolved  anything. 
Should  a residue  remain,  the  filtrate  is  treated  ac- 
cording to  § 1 17.  II. 

3.  Should  the  boiling  concentrated  hydrochloric  acid  have  left 
a residue,  this  is  washed  with  water,  and  treated  as  directed 
§ 130. 
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B.  THE  SUBSTANCE  UNDER  EXAMINATION  IS  A METAL  OR  AN 

ALLOY. 


The  metals  are  best  divided  according  to  their  deportment  with 
nitric  acid. 


I.  Metals  which  are  not  affected  by  nitric  acid:  gold, 
platinum. 

II.  Metals  which  are  oxidized  by  nitric  acid,  but  of 

WHICH  THE  OXIDES  DO  NOT  DISSOLVE  IN  AN  EXCESS  OF  THE  ACID: 

antimony,  tin. 

III.  Metals  which  are  oxidized  by  nitric  acid,  and  of 

WHICH  THE  OXIDES  DISSOLVE  TO  NITRATES  IN  AN  EXCESS  OF 

the  acid  : all  other  metals. 

Nitric  acid  of  1.25  sp.  gr.  is  poured  over  the  metal  or  alloy 
under  examination,  and  heat  applied. 


1.  Complete  solution  takes  place  either  at  once  or 
upon  the  addition  of  water  : this  proves  the  absence  of  (pla- 
tinum) gold,  antimony,  and  tin  : a small  portion  of  the  solution 
is  diluted  with  a copious  amount  of  water. 

a.  The  solution  remains  clear ; some  hydrochloric  acid 
is  added.  If  this  produces  a white  precipitate,  which  does 
not  redissolve  upon  heating  the  fluid,  but  is  dissolved  by  am- 
monia, after  previous  washing,  silver  is  present.  The  ori- 
ginal solution  is  treated,  as  directed  at  § 118. 

h.  The  solution  becomes  turbid  and  milky ; this  indicates 
the  presence  of  bismuth.  The  solution  is  filtered,  and  the 
filtrate  tested  for  silver,  as  at  a.  The  original  solution  is 
finally  treated  according  to  § 118. 

2.  A residue  remains. 

a.  A metallic  residue  remains.  The  solution  is  filtered, 
and  the  filtrate  treated  as  directed  at  § 109.  B.  1.,  after 
having  examined,  in  the  first  place,  whether  anything  has 
been  dissolved.  The  residue  is  thoroughly  strained,  and  sub- 
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sequently  dissolved  in  aqua  regia ; the  solution  is  divided 
into  two  portions,  and  chloride  of  potassium  added  to  the 
one : if  a yellow  precipitate  is  formed,  this  indicates  the 
presence  of  platinum.  Protosulphate  of  iron  is  added  to  the 
other  portion  : if  a black  precipitate  is  formed,  this  indicates 
the  presence  of  gold. 

b.  A ivhite  pulverulent  residue  remains ; this  indicates 
the  presence  of  antimony  and  tin.  The  solution  is  filtered, 
and  the  filtrate  treated  as  directed  at  § 109.  B.  1.,  after  having 
examined,  in  the  first  place,  whether  anything  has  been  dis- 
solved. The  residue  is  thoroughly  washed,  and  heated  subse- 
quently with  a hot  saturated  solution  of  bitartrate  of  potass, 
or  with  a solution  of  tartaric  acid. 

a.  Complete  solution  takes  place : this  indicates  the 
presence  of  oxide  of  antimony  alone ; the  solution  is 
tested  with  sulphuretted  hydrogen. 

/ 3 . A white  precipitate  remains,  even  after  boiling  with 
a fresh  portion  of  solution  of  bitartrate  of  potass  or  tar- 
taric acid ; this  indicates  the  probable  presence  of  tin. 
The  solution  is  filtered  and  the  filtrate  mixed,  in  the  first 
place,  with  some  hydrochloric  acid,  and  subsequently  with 
solution  of  sulphuretted  hydrogen.  If  an  orange-red  pre- 
cipitate is  formed,  oxide  of  antimony  is  present.  It  is 
invariably  necessary  that  the  operator  should  satisfy  him- 
self whether  the  residue  consists  really  of  peroxide  of  tin ; 
this  may  be  clearly  ascertained  by  mixing  the  residue  with 
cyanide  of  potassium  and  carbonate  of  soda,  and  reducing 
it  before  the  blow-pipe.  (Compare  § 95.  c.  7.) 
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III.  ACTUAL  EXAMINATION. 

Compounds  supposed  to  consist  simply  of  one  base  undone  acid  ; 

or  of  one  metal  and  one  metalloid. 

A.  Substances  soluble  in  water. 

Detection  of  the  base  * 

§ 110. 

1.  Some  hydrochloric  acid  is  added  to  a portion  of  the  aqueous 
solution. 

a.  No  precipitate  is  formed  ; this  is  a positive  proof  of 
the  absence  of  silver  and  protoxide  of  mercury,  and  is  like- 
wise a probable  indication  of  the  absence  of  lead.  The  aci- 
dified solution  is  treated  according  to  the  directions  of  § 
110.  2. 

b.  A precipitate  is  formed.  Divide  the  fluid,  in  which 
the  precipitate  is  suspended,  into  two  portions,  and  add  am- 
monia in  excess  to  the  one. 

a.  The  precipitate  redissolves , and  the  fluid  becomes 
clear;  this  shows  the  precipitate  to  have  consisted  of 
chloride  of  silver,  and  is  consequently  indicative  of  the 
presence  of  silver.  To  arrive  at  a positive  conviction 
on  this  point,  the  original  solution  must  he  tested  with 
chromate  of  potash,  and  with  sulphuretted  hydrogen.  (Vide 
§ 91.  a.  3,  and  97.  b.  6.) 

/3.  The  precipitate  becomes  black ; this  shows  the  pre- 
cipitate to  have  consisted  of  protochloride  of  mercury, 

which  has  now  been  converted  by  the  ammonia  into  pro- 

* 

toxide  of  mercury;  it  is  consequently  indicative  of  the 
presence  of  protoxide  of  mercury.  To  set  all  doubt 
on  this  point  at  rest,  the  original  solution  is  tested  with 
protochloride  of  tin  and  with  metallic  copper.  (Vide  § 91.  b.) 


* We  include  here  arsenious  and  arsenic  acid. 
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y.  The  precipitate  remains  unaltered ; it  consists  in 
this  case  of  chloride  of  lead,  which  is  neither  decomposed 
nor  dissolved  by  ammonia;  this  reaction  is  accordingly  in- 
dicative of  the  presence  of  lead.  Whether  the  precipitate 
consists  really  of  chloride  of  lead  or  not  is  conclusively 
ascertained  : 1st,  by  diluting  the  second  portion  of  the 
fluid  in  which  the  precipitate  produced  by  hydrochloric 
acid  is  suspended,  with  a copious  amount  of  water  and 
applying  heat ; the  precipitate  must  dissolve  if  it  consists 
really  of  chloride  of  lead;  and  2nd,  by  adding  dilute  sul- 
phuric acid  to  the  original  solution,  (§91.  c.) 

2.  The  acidified  fluid  of  1.  a.  is  mixed  with  solution  of  sul- 
phuretted hydrogen  until  it  smells  distinctly  of  that  gas,  even 
after  continued  agitation  ; heat  is  subsequently  applied  to  the 
mixture. 

a.  The  fluid  remains  clear.  Pass  over  to  3,  since 
this  is  a proof  that  lead,  bismuth,  copper,  cadmium,  peroxide 
of  mercury,  gold,  platinum,  tin,  antimony,  arsenic,  and 
peroxide  of  iron,  are  not  present. 
h.  A PRECIPITATE  IS  FORMED. 

a.  This  precipitate  is  white  ; it  consists  in  this  case 
of  separated  sulphur,  and  is  indicative  of  the  presence  of 
peroxide  of  iron  (§89.  f)  However,  as  the  separation 
of  sulphur  may  also  be  caused  by  other  substances,  it 
is  indispensable  that  the  operator  should  satisfy  himself 
whether  the  substance  present  is  really  peroxide  of  iron  or 
not.  For  this  purpose  the  original  solution  is  to  be  tested 
with  ammonia,  and  with  ferrocyanide  of  potassium. 

/ 3 . The  precipitate  is  yellow;  in  this  case  it  may 
consist  either  of  sulphuret  of  cadmium,  or  sulphuret  of 
arsenic,  or  bisulphuret  of  tin  ; it  indicates  accordingly 
presence  of  either  cadmium,  or  arsenic,  or  peroxide  of  tin. 
To  distinguish  between  them,  ammonia  in  excess  is  added 
to  a portion  of  the  fluid,  wherein  the  precipitate  is  sus- 
pended. 
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aa.  The  precipitate  does  not  disappear;  it  consists 
of  cadmium  ; for  sulphuret  of  cadmium  is  insoluble  in 
ammonia.  The  blow-pipe  is  finally  resorted  to  as  a 
confirmatory  test.  (§  92.  d.) 

bb.  The  precipitate  disappears.  It  consists  either  of 
peroxide  of  tin  or  of  arsenic.  Ammonia  is  added  to  a 
portion  of  the  original  solution. 

aa.  A uhite  precipitate  is  formed.  Peroxide  of 
tin  is  the  substance  present.  Positive  conviction  is 
obtained  by  reducing  the  precipitate  before  the  blow- 
pipe, with  cyanide  of  potassium  and  carbonate  of 
soda.  (§  95.  c .) 

/3/3.  No  precipitate  is  formed.  This  indicates  the 
presence  of  arsenic.  Positive  conviction  may  be 
arrived  at  by  the  production  of  an  arsenical  mirror 
which  is  effected  by  reducing  the  original  substance, 
or  the  precipitated  sulphuret  of  arsenic,  with  cyanide 
of  potassium  and  carbonate  of  soda,  or  in  some  other 
way ; and  by  exposing  the  original  substance  with 
carbonate  of  soda  to  the  inner  flame  of  the  blow-pipe. 
(§  95.  d.) 

y.  The  precipitate  is  orange-colored  ; in  this  case 
it  consists  of  sulphuret  of  antimony,  and  indicates  the 
presence  of  oxide  of  antimony.  Reduction  before  the 
blow-pipe  is  resorted  to  for  confirmation.  (§  95.  a .) 

8.  The  precipitate  is  brown.  It  consists  of  proto- 
sulpliuret  of  tin,  and  indicates  the  presence  of  protoxide 
of  tin.  To  remove  all  doubt  on  this  point,  one  portion 
of  the  original  solution  is  tested  with  solution  of  per- 
chloride  of  mercury,  and  another  with  solution  of  per- 
cliloride  of  gold.  (§  95.  b.) 

€.  The  precipitate  is  black.  It  may  in  this  case 
consist  either  of  sulphuret  of  lead,  sulphuret  of  copper, 
sulphuret  of  bismuth,  sulphuret  of  gold,  sulphuret 
of  platinum,  or  bisulphuret  of  mercury.  To  distinguish 

10 
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between  these  different  sulphurets,  the  following  experi- 
ments are  to  be  bad  recourse  to. 

aci.  Dilute  sulphuric  acid  is  added  to  a portion  of 
the  original  solution:  a white  precipitate  is  formed; 
this  indicates  lead.  Chromate  of  potass  is  employed 
as  a conclusive  test.  (§  91.  c .) 

bb.  Ammonia  in  excess  is  added  to  a portion  of  the 
original  solution.  A blue  precipitate  is  formed  which 
redissolves  in  an  excess  of  the  precipitant,  imparting 
an  azure  color  to  the  fluid ; this  indicates  copper. 
Ferrocyanide  of  potassium  is  resorted  to  as  a conclusive 
test.  (§  Q2.  b.) 

cc.  Potass  is  added  to  a portion  of  the  original  solu- 
tion ; a yellow  precipitate  is  formed ; this  indicates 
peroxide  of  mercury.  Protochloride  of  tin  and  me- 
tallic copper  are  applied  as  conclusive  tests.  (§  92.  a.) 
The  presence  of  peroxide  of  mercury  is  usually  suffi  * 
ciently  indicated  by  the  several  changes  of  color  through 
which  the  precipitate  produced  by  the  sulphuretted  hy- 
drogen water  in  the  fluid  under  examination  is  ob- 
served to  pass  ; this  precipitate  is  white  at  first,  but 
passes  subsequently,  upon  the  addition  of  an  excess  of 
the  precipitant,  through  yellow  and  orange,  and  turns 
finally  black.  (§  92.  a.  3.) 

clcl.  A portion  of  the  original  solution  is  evaporated 
nearly  to  dryness,  in  a porcelain  crucible,  and  the  re- 
sidue rinsed  into  a test-tube,  half  filled  with  water.  If 
the  solution  becomes  milky,  a basic  salt  of  bismuth  is 
present ; this  reaction,  consequently,  indicates  bis- 
muth. The  blow-pipe  is  resorted  to  as  a conclusive 
test.  (§  92.  c.) 

ee.  Solution  of  protosulphate  of  iron  is  added  to  a 
portion  of  the  original  solution.  A fine  black  precipi- 
tate is  indicative  of  the  presence  of  gold.  To  remove 
all  doubt  as  to  the  nature  of  this  precipitate,  the  blow- 
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pipe  is  resorted  to  ; or  the  original  solution  is  tested 
with  protochloride  of  tin.  (§  91.  a.) 

ff.  Chloride  of  potassium  is  added  to  a portion  of  the 
original  solution  ; the  formation  of  a yellow  crystalline 
precipitate  is  indicative  of  the  presence  of  platinum. 

•To  remove  all  doubt  on  this  point,  the  precipitate  is 
ignited.  (§  94.  b.) 

3.  A portion  of  the  original  solution  is  mixed  with  sal  ammo- 
niac, and  ammonia  is  subsequently  added  to  alkaline  reaction ; 
hydrosulphuret  of  ammonia  is  then  finally  added,  no  matter 
whether  a precipitate  did  form  upon  the  addition  of  the  ammonia 
or  not. 

a.  No  precipitate  is  formed;  pass  over  to  § 110.4.; 
for  iron,  cobalt,  nickel,  manganese,  zinc,  chromium,  and 
alumina  are  not  present. 

b.  A PRECIPITATE  IS  FORMED. 

a.  The  precipitate  is  black ; protoxide  of  iron,  nickel  t 
or  cobalt.  A portion  of  the  original  solution  is  mixed 
with  caustic  potass. 

aa.  A dirty  greenish- white  precipitate  is  formed, 
which  soon  changes  to  a reddish-brown,  when  exposed 
to  the  air  ; protoxide  of  iron.  Ferricyanide  of  potas- 
sium is  resorted  to  as  a conclusive  test.  (§  89.  e.) 

bb.  A precipitate  of  a light  greenish  tint  is  produced, 
which  does  not  change  its  color  : nickel.  Ammonia, 
with  subsequent  addition  of  potass,  is  resorted  to  as  a 
conclusive  test.  (§  89.  c.) 

cc.  A sky-blue  precipitate  is  formed,  which,  upon 
boiling,  becomes  reddish  : cobalt.  The  blow-pipe  is 
resorted  to  as  a conclusive  test.  (§  89.  d.) 

/3.  The  precipitate  is  not  black. 

aa.  If  the  precipitate  is  distinctly  flesh-colored,  it 
consists  of  sulphuret  of  manganese,  and  is  consequently 
indicative  of  the  presence  of  protoxide  of  manga- 
nese. The  addition  of  potass  to  the  original  solution,  or 
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the  blow-pipe,  are  resorted  to  as  conclusive  tests. 
(§  89.  b.) 

bb.  If  the  precipitate  is  bluish-green,  it  consists  of 
hydrated  oxtde  of  chromhjm.  The  addition  of  potass 
to  the  original  solution,  and  the  blow-pipe,  are  resorted 
to  as  conclusive  tests.  (§  88.  b.) 

cc.  If  the  precipitate  is  white,  it  may  consist  either  of 
hydrate  of  alumina,  or  of  sulpliuret  of  zinc,  and  thus 
indicate  the  presence  of  either  alumina  or  oxide 
of  zinc.  To  distinguish  between  these  two  oxides,  so- 
lution of  potass  is  gradually  dropped  into  a portion  of 
the  original  solution,  till  the  precipitate  which  forms  at 
first  is  redissolved  ; and 

aa.  Solution  of  sulphuretted  hydrogen  is  then 
added  to  a portion  of  this  solution ; the  formation 
of  a white  precipitate  indicates  the  presence  of 
zinc.  As  a conclusive  test,  the  reaction  with  solution 
of  protonitrate  of  cobalt  before  the  blow-pipe  is  se- 
lected. (§  89.  a.) 

fi/3.  Chloride  of  ammonium  is  added  to  another 
portion  of  the  potass  solution.  The  formation  of  a 
white  precipitate  indicates  the  presence  of  alumina. 
The  test  with  solution  of  protonitrate  of  cobalt  be- 
fore the  blow-pipe  is  conclusive.  (§  88.  a.) 


Note  to  % 110.  3.  b.  /3. 

As  very  slight  contaminations  may  impair  the  distinctness  of 
the  tints  exhibited  by  the  precipitates  considered  at  § 110.  3.  b.  /?., 
it  is  advisable,  in  all  cases  where  the  slightest  contamination  is 
suspected,  to  adopt  the  following  method  for  the  detection  of 
manganese,  chromium,  zinc,  and  alumina. 

Potass  in  excess  is  added  to  a portion  of  the  original  solution. 

Q 
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aa.  A whitish  precipitate  is  formed,  which  does  not  re- 
dissolve  in  an  excess  of  the  precipitant,  and  changes  its 
color  speedily  to  a blackish-brown,  when  exposed  to  the 
air:  manganese.  The  blow-pipe  is  resorted  to  as  a con- 
clusive test.  (§  89.  b.) 

bb.  A precipitate  is  formed  which  redissolves  in  an  ex- 
cess of  the  precipitant : oxide  of  chromium,  alumina, 

ZINC. 

aa.  Sulphuretted  hydrogen  water  is  added  to  a portion 
of  the  potass  solution.  The  formation  of  a white  preci- 
pitate indicates  the  presence  of  zinc. 

(3/3.  If  the  original  solution,  or  the  potass  solution 
is  green,  and  the  precipitate,  produced  by  potass  and 
subsequently  redissolved  in  the  excess  of  the  precipi- 
tant, was  of  a bluish  color,  oxide  of  chromium  is 
present.  To  remove  all  doubt  on  this  point,  the  potass 
solution  is  heated  to  ebullition,  or  the  blow-pipe  re- 
sorted to.  (§  88.  b ,) 

yy.  Chloride  of  ammonium  is  added  to  the  potass 
solution.  The  formation  of  a white  precipitate  indicates 
the  presence  of  alumina.  The  test  with  solution  of 
cobalt  before  the  blow-pipe  is  conclusive.  (§  88.  a.) 

4.  Chloride  of  ammonium  and  carbonate  of  ammonia,  mixed 
with  a small  quantity  of  caustic  ammonia,  are  added  to  a portion 
of  the  original  solution,  and  heat  applied. 

a.  No  precipitate  is  formed  : absence  of  barytes, 
strontia,  and  lime.  Pass  over  to  § 110.  5. 

b.  A precipitate  is  formed.  Presence  of  barytes,  strontia, 
or  lime. 

Solution  of  gypsum  is  added  to  a portion  of  the  original  solu- 
tion, and  heat  applied. 

a.  The  solution  does  not  become  turbid , even  after  the 
lapse  of  from  Jive  to  ten  minutes:  lime.  The  test  with 
oxalic  acid  is  selected  as  a confirmatory  proof.  (§  87.  c.) 
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[3.  The  solution  becomes  turbid  after  the  lapse  of  some 
time : strontia.  The  alcohol  flame  is  resorted  to  as  a 
conclusive  test.  (§  87.  bi) 

y.  A precipitate  is  immediately  formed:  barytes. 
To  remove  all  doubt  on  this  point,  test  with  hydrofluo- 
silicic  acid.  (§  87.  a.) 

5.  Phosphate  of  soda  is  added  to  the  solution  of  4 .a.  (in 
which  carbonate  of  ammonia  has  failed  to  produce  a precipitate, 
after  previous  addition  of  chloride  of  ammonium. 

a.  No  Precipitate  is  formed,  not  even  after  agitating 
the  solution  : absence  of  magnesia.  Pass  over  to  § 110.  G. 

b.  A crystalline  precipitate  is  formed  : magnesia. 

6.  A drop  of  the  original  solution  is  evaporated  on  a platinum 
plate  and  the  residue  ignited. 

a . No  fixed  residue  remains.  Solution  of  potass  is 
added  to  the  original  solution.  The  odor  and  reaction  of  the 
escaping  gas,  aud  the  fumes  which  it  forms  with  acetic  acid, 
will  prove  the  presence  of  ammonia.  (§  86.  c.) 

b.  A fixed  residue  remains.  Potass  or  soda.  A por- 
tion of  the  original  solution  is  mixed  with  tartaric  acid  and 
vigorously  shaken.  (Should  the  original  solution  he  highly 
diluted,  it  will  he  necessary  to  comcentrate  it  in  the  first  place, 
by  evaporation.) 

a.  No  precipitate  is  formed,  not  even  after  the  lapse  of 
ten  or  fifteen  minutes  : soda.  The  blow-pipe  flame  and 
alcohol  flame  are  selected  as  conclusive  tests.  (§  86.  b.) 

[3.  A crystalline  granular  precipitate  is  formed  : potass 
bichloride  of  platinum,  the  blow-pipe  flame,  and  alcohol 
flame,  are  selected  as  conclusive  tests.  (§  86.  a.) 


228 


DETECTION  OF  INORGANIC  ACIDS. 


R hi. 


Compounds  which  are  supposed  to  contain  hut  one  acid 

and  one  base,  dec. 

A.  SUBSTANCES  SOLUBLE  IN  WATER.  DETECTION  OF  T1IE  ACID. 

I.  Detection  of  inorganic  acids. 

h 111. 

The  analyst  should  in  the  first  place  reflect  which  of  the  inor- 
ganic acids  form  soluble  compounds  with  the  detected  base,  and  to 
hear  this  carefully  in  mind  in  his  subsequent  operations. 

1.  I have  already  spoken  of  the  detection  of  arsenious  acid 
and  arsenic  acid  while  treating  of  the  detection  of  the  bases. 
These  two  acids  are  distinguished  from  each  other  by  their  respective 
deportment  with  nitrate  of  silver,  or  with  potass  and  sulphate  of 
copper.  (§95.  d.  andc.) 

2.  While  pursuing  the  systematic  course  for  the  detection 
of  the  bases,  the  operator  is  led  to  the  detection  of  carbonic 
acid,  hydrosulphuric  acid,  and  chromic  acid.  The  two  former 
betray  their  presence  by  effervescing  upon  the  addition  of  hydro- 
chloric acid  ; they  may  be  distinguished  from  one  another  by 
their  odor.  Should  additional  proof  be  required,  the  presence 
of  carbonic  acid  may  be  ascertained  beyond  doubt  by  the  reaction 
with  lime  water  (vide  § 100.  a.),  and  that  of  sulphuretted  hydrogen 
by  the  reaction  with  solution  of  lead.  (§  101.  e.)  Chromic  acid 
may  be  detected  invariably  by  the  yellow  or  red  tint  of  the  solu- 
tion, and  likewise  by  the  transition  of  this  red  or  yellow  color  to 
green,  attended  with  separation  of  sulphur,  upon  the  addition  of 
sulphuretted  hydrogen  water.  To  remove  all  doubt  on  this  point, 
the  reactions  with  solution  of  acetate  of  lead  and  solution  of 
nitrate  of  silver  may  be  finally  resorted  to.  (§  97.  h.) 

3.  Chloride  of  barium  is  added  to  a portion  of  the  solution, 
which,  should  its  reaction  be  acid,  is  to  be  neutralized  first,  or 
rendered  feebly  alkaline,  by  addition  of  ammonia. 
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a.  The  fluid  remains  clear.  (Pass  over  to  § 111.  4.) 
The  absence  of  sulphuric  acid,  phosphoric  acid,  and  silicic 
acid  is  certain,  that  of  oxalic  acid  and  boracic  acid  probable. 
The  barytes  compounds  of  the  two  latter  acids  are  kept  in 
solution  by  ammoniacal  salts,  and  borate  of  barytes,  moreover, 
does  not  separate  from  dilute  solutions,  even  though  no 
ammoniacal  salts  be  present. 

b.  A precipitate  is  formed.  Dilute  hydrochloric  acid 
is  added  in  excess. 

a.  The  precipitate  dissolves.  Absence  of  sulphuric  acid. 
Pass  over  to  4. 

(3.  The  precipitate  remains  undissolved , even  though  a 
copious  quan  tity  of  water  be  added  : sulphuric  acid. 

4.  Solution  of  gypsum  is  added.  A portion  of  the  original 
solution  (which,  should  it  have  an  acid  reaction,  is  likewise  first 
to  be  rendered  neutral  or  feebly  alkaline,  by  the  addition  of  am- 
monia) ; should  no  ammoniacal  salt  be  present,  the  addition  of  the 
solution  of  gypsum  is  to  be  preceded  by  that  of  some  sal  ammoniac. 

a.  No  precipitate  is  formed  : absence  of  oxalic  acid 
and  phosphoric  acid.  Pass  over  to  § 111.  5, 

b.  A precipitate  is  formed.  Acetic  acid  is  added  in 
excess. 

a.  The  precipitate  is  redissolved : phosphoric  acid. 
The  reactions  with  sulphate  of  magnesia  in  conjunction 
with  ammonia,  with  solution  of  nitrate  of  silver,  and  before 
the  blow-pipe,  are  employed  as  conclusive  tests,  (§  99,  a.) 

(3.  The  precipitate  remains  undissolved , but  dissolves 
readily  in  hydrochloric  acid : oxalic  acid.  The  reaction 
with  concentrated  sulphuric  acid  is  selected  as  a conclusive 
test.  (§  99.  c .) 

5.  A fresh  portion  of  the  original  solution  is  acidified  with 
nitric  acid,  and  solution  of  nitrate  of  silver  is  subsequently  added. 

a.  The  fluid  remains  clear-  This  is  a certain  indi- 
cation of  the  absence  of  chlorine  and  iodine.  The  absence 
of  cyanogen  is  also  probable.  (Of  the  soluble  metallic 
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cyanides,  percyanide  of  mercury  is  not  precipitated  by  nitrate 
of  silver  ; and  from  the  nature  of  the  detected  base,  the 
operator  may  judge  whether  he  ought  to  take  the  possible  or 
probable  presence  of  the  substance  into  account  or  not ; for 
the  manner  in  which  the  detection  of  the  cyanogen  in  the  per- 
cyanide of  mercury,  is  effected,  I refer  to  § 101.  d.)  Pass  over 
to  § 111.  0. 

b.  A precipitate  is  formed.  Ammonia  is  added  in 


excess. 

a.  The  precipitate  does  not  dissolve : iodine.  As 
a conclusive  test  we  select  the  reaction  with  starch. 
(§  101.  c.) 

/3.  'The  precipitate  redissolves.  If  it  redissolves  readily, 
there  is  reason  to  suppose  that  chlorine  is  present ; if  it 
dissolves  with  difficulty  and  only  upon  the  addition  of  a 
large  portion  of  ammonia,  cyanogen  may  he  supposed  to 
be  present.  The  presence  of  chlorine  may  be  ascertained 
beyond  doubt,  by  testing  the  original  solution  with  pro- 
tonitrate of  mercury,  and  from  the  deportment  of  the  silver 
precipitate  at  a high  temperature.  (§  101.  a.)  The  pre- 
sence of  cyanogen  may  be  ascertained  positively  by  adding 
potass,  solution  of  ferroso -ferric  oxide  and  hydrochloric 
acid  to  the  original  solution.  (§  101.  d.) 

G.  A portion  of  the  solid  substance — (or,  should  the  body  to  be 
examined  exist  in  the  fluid  state,  the  residue  remaining  after 
evaporation') — is  drenched  with  some  sulphuric  acid ; alcohol  is 
then  added  and  subsequently  kindled.  Should  the  flame  appear 
green,  upon  stirring,  this  is  a proof  of  the  presence  of  boracic 
acid. 


7.  \\  ith  regard  to  the  presence  of  nitric  acid,  this  is  usually  dis- 
covered already  in  the  course  of  the  preliminary  examination, 
(vide  § 107.  1.  2.  c.)  To  ascertain  the  presence  of  this  acid 
beyond  doubt,  the  reaction  with  protosulphate  of  iron  and  sulphuric 
acid,  or  that  with  solution  of  indigo,  are  resorted  to.  (§  102.  a.) 
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8.  I refer  to  § 126  for  the  detection  of  chloric  acid,  hydrofluoric 
acid,  silicic  acid,  and  bromine. 

Compounds  which  are  supposed  to  contain  only  one  acid  and  one 

base , dec. 

A.  Substances  soluble  in  water.  Detection  of 

the  acid. 

II.  Detection  of  organic  acids. 

§ 112. 

1.  To  a portion  of  the  aqueous  solution  of  the  compound  under 
examination,  ammonia  is  added  to  feeble  alkaline  reaction,  and 
subsequently  chloride  of  calcium.  Should  the  solution  be  neutral 
the  addition  of  the  chloride  of  calcium  is  to  he  preceded  by  that 
of  some  chloride  of  ammonium. 

a.  No  precipitate  is  formed,  not  even  after  agi- 
tating the  solution,  nor  after  the  lapse  of  a few 
minutes  : absence  of  oxalic  acid  and  tartaric  acid.  Pass 
over  to  § 1 12.  2. 

b.  A precipitate  is  formed.  Lime-water  is  added  in 
excess  to  a portion  of  the  original  solution,  and  the  preci- 
pitate formed  is  acted  upon  with  solution  of  sal  ammoniac. 

a.  The  precipitate  redissolves:  tartaric  acid.  The 
reaction  with  acetate  of  potass  may  he  resorted  to  as  a con- 
firmatory test ; hut  a still  more  positive  proof  will  be 
afforded  by  the  deportment  which  the  precipitate  produced 
by  the  chloride  of  calcium  exhibits  with  caustic  potass. 
(§  103.  b.) 

/3.  The  precipitate  does  not  redissolve  : oxalic  acid. 
The  reaction  of  concentrated  sulphuric  acid  is  selected  as  a 
conclusive  test.  (§  99  c.) 

2.  The  fluid  of  l.a.  is  heated  to  boiling,  and  for  some  time 
maintained  in  a state  of  ebullition;  some  more  ammonia  is  finally 
added  to  the  boiling  fluid. 
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a.  It  remains  perfectly  transparent:  absence  of  citric 
acid.  Pass  over  to  § 112.  3. 

b.  It  becomes  turbid,  and  deposits  a precipitate  : 
citric  acid. 

3.  The  fluid  of  2.  a.  is  mixed  with  alcohol. 

a.  It  remains  perfectly  transparent  : absence  of 
malic'  acid.  Pass  over  to  § 1 12.  4. 

b.  A precipitate  is  formed  : malic  acid.  To  remove 
all  doubt  on  this  point,  it  is  invariably  necessary  to  have  re- 
course to  the  reaction  with  acetate  of  lead.  (§  103.  e.) 

4.  A portion  of  the  original  solution  is  neutralized  perfectly 
(if  not  already  absolutely  neutral)  either  with  ammonia  or  with 
hydrochloric  acid,  and  solution  of  perchloride  of  iron  is  subse- 
quently added. 

a.  A BULKY  PRECIPITATE  FORMS  OF  A CINNAMON  OR 
dirty  yellow  color.  The  precipitate  is  washed  and  sub- 
sequently heated  with  ammonia ; the  solution  is  filtered  and 
the  filtrate  concentrated  by  evaporation ; it  is  then  divided 
into  two  portions,  and  some  hydrochloric  acid  added  to  the 
one:  the  formation  of  a precipitate  indicates  benzoic  acid. 
The  other  portion  is  mixed  with  alcohol  and  chloride  of 
barium  added : the  formation  of  a precipitate  indicates 
succinic  acid.  (Compare  § 104.  a.  and  A) 

b.  The  liquid  acquires  a tolerably  intense  deep 

RED  TINT,  AND,  UPON  PROTRACTED  BOILING,  A LIGHT  REDDISH- 

BROWN  precipitate  separates  : acetic  acid  or  formic  acid. 
A portion  of  the  solid  salt  under  examination,  or,  should  the 
substance  to  be  analysed  happen  to  be  in  the  fluid  state,  of 
the  residue  remaining  upon  the  evaporation  of  the  liquid — 
(which,  if  acid,  is  first  to  be  neutralized  with  potass) — is 
heated  with  sulphuric  acid  and  alcohol,  ( § 105.  a.)  The 
characteristic  odor  of  acetic  ether,  indicates  the  presence  of 

ACETIC  ACID. 

If  the  operator  fail  to  detect  acetic  acid  in  the  fluid,  he 
may  conclude  that  the  substance  under  examination  contains 
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formic  acid  : all  doubt  on  this  point  may  be  removed  by 
the  reactions  with  nitrate  of  silver  and  percliloride  of  mercury. 
(§  105.  b.) 

Compounds  which  are  supposed  to  consist  of  but  one  acid 

and  one  base , dc. 

B.  Substances  insoluble  or  sparingly  soluble  in  water, 

BUT  SOLUBLE  IN  HYDROCHLORIC  ACID,  NITRIC  ACID,  OR 

AQUA  REGIA. 

Detection  of  the  base* 

§ 113. 

A portion  of  the  solution  in  hydrochloric  acid,  nitric  acid,  or 
aqua  regia,  is  diluted  with  water,  f and  the  further  operations  are 
conducted  exactly  as  directed  at  § 110,  beginning  at  1.  in  cases 
where  the  substance  is  dissolved  in  nitric  acid,  and  at  2.  if  the 
solution  contains  already  hydrochloric  acid.  I must  claim 
particular  attention  of  the  student  to  the  following  remark.  I 
have  stated  at  § 110.  3.  b.  /3.  cc.  that,  if  in  cases  where  we  have 
a substance  soluble  in  water  before  us,  we  obtain,  in  the 
course  of  the  examination,  a white  precipitate  upon  testing  with 
hydrosulphuret  of  ammonia — (after  having  neutralized  with  am- 
monia the  free  acid  either  originally  present  in  or  previously 
added  to  the  solution  under  examination) — this  precipitate  can 
consist  only  either  of  sulphuret  of  zinc,  or  of  alumina.  But  the 
case  is  different  when  the  substance  is  insoluble  in  water,  but 
dissolves  in  hydrochloric  acid  ; for  in  that  case  a white  precipitate 
produced  hy  hydrosulphuret  of  ammonia,  in  the  presence  of  sal 
ammoniac,  may  consist  also  of  a phosphate  of  the  alkaline 
earths,  and  likewise  of  oxalate  of  lime,  barytes,  and  stron- 


* Regard  has  here  been  had  likewise  to  certain  salts,  since  this  course  of 
examination  leads  directly  to  their  detection. 

t If  upon  the  addition  of  the  water,  the  liquid  becomes  turbid  or  deposits 
a white  precipitate,  this  indicates  the  presence  of  antimony,  bismuth,  or  tin. 
(Compare  § 108.  4. 
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tian.  If,  therefore,  a white  precipitate  is  produced  upon  testing 
an  acid  solution,  under  the  circumstances  stated,  and  according 
to  the  directions  of  § 110.  3.  b.  ft.  cc,  the  following  method  is  to 
be  pursued.  Caustic  potass  in  excess  is  added  to  a small  portion 
of  the  original  hydrochloric  solution. 

O j 

1.  The  PRECIPITATE  WHICH  FORMS  AT  FIRST,  REDISSOLVES 

in  an  excess  of  the  precipitant;  absence  of  the  salts  of  the 
alkaline  earths  ; presence  of  zinc  or  alumina  ; to  distinguish 
between  these,  the  potass  solution  is  tested  with  sulphuretted 
hydrogen  and  chloride  of  ammonium.  (Vide  supra  § 110.  3.  b. 
ft.  cc.)  The  alumina  may  have  been  present  and  precipitated  as 
riiosPHATE  of  alumina.  This  is  ascertained  by  dissolving  the 
precipitate  in  hydrochloric  acid,  adding  tartaric  acid,  supersatura- 
ting with  ammonia  and  mixing  with  sulphate  of  magnesia.  If 
phosphoric  acid  is  really  present,  a precipitate  of  basic  phosphate 
of  ammonia  and  magnesia  will  form  upon  the  joint  addition  of 
these  reagents,  (in  most  cases  however  only  after  the  lapse  of  some 
time.) 

2.  The  precipitate  formed  does  not  redissolve  in  an 
excess  of  the  precipitant.  Presence  of  a phosphate  or  oxa- 
late with  an  alkaline  earthy  base.  It  is  nowT,  in  the  first  place, 
necessary  to  ascertain  by  preliminary  examination,  whether  we 
have  an  oxalate  or  a phosphate  before  us ; for  this  purpose  a por- 
tion of  the  original  substance  under  examination  is  ignited. 
Should  it  be  converted  into  a carbonate  by  this  process,  either 
with  slight,  or  without  any  nigrescence,  the  salt  under  exami- 
nation is  an  oxalate,  whilst  if  it  remains  unaltered  upon 
ignition,  this  is  a sure  proof  that  we  have  a phosphate  before  us. 
Whether  the  ignited  compound  has  been  transformed  into  a car- 
bonate, is  readily  ascertained  by  pouring  some  water  over  the 
ignited  mass  and  treating  it  subsequently  with  acids,  when  ensuing 
effervescence  will  set  the  matter  at  once  at  rest,  (the  examined 
salt  not  presenting  this  property  previously  to  its  ignition.) 

a.  This  preliminary  examination  denoted  the  pre- 


sence of  a phosphate. 
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To  a portion  of  the  original  hydrochloric  solution,  am- 
monia is  added  to  feebly  alkaline  reaction,  and  subsequently 
acetic  acid  until  the  precipitate  formed  is  redissolved ; a drop 
of  solution  of  perchloride  of  iron  is  then  added.  The  ensuing 
formation  of  a yellowish- white  gelatinous  precipitate  (per- 
phosphate  of  iron)  confirms  the  presence  of  phosphoric 
acid.  Solution  of  perchloride  of  iron  is  now  dropped  into 
the  same  fluid  until  the  latter  appears  distinctly  red  (owing 
to  the  formation  of  peracetate  of  iron ; the  mixture  is 
then  heated  to  boiling  and  maintained  for  some  time  in  a 
state  of  ebullition,  whereupon  a ruddy  brown  precipitate  will 
separate,  which  is  then  to  he  filtered  off  from  the  colorless 
fluid  immediately  after  the  ebullition  has  ceased.  By  this 
operation  the  phosphoric  acid  is  separated  from  its  basis 
and  precipitated  in  combination  with  peroxide  of  iron,  and  in 
conjunction  with  free  hydrated  peroxide  of  iron,  whilst  the 
filtrate  contains  the  alkaline  earthy  base  in  combination  with 
chlorine  ; the  precise  nature  of  this  base  is  finally  ascertained 
in  the  usual  manner.  (Vide  110.  4.) 

b.  The  preliminary  examination  indicated  the  pre- 
sence OF  AN  OXALATE. 

Two  ways  are  open  in  this  case  to  ascertain  beyond  doubt 
the  nature  of  the  acid  and  base  : — 

1.  A portion  of  the  compound  under  examination  is 
ignited,  the  residue  subsequently  dissolved  in  hydrochloric 
acid,  and  the  solution  finally  tested  in  the  usual  manner 
for  the  alkaline  earthy  base.  Another  portion  of  the  sub- 
stance under  examination  is  then  tested  with  concentrated 
sulphuric  acid,  to  remove  all  doubt  as  to  the  presence  of 
oxalic  acid.  (§  99.  c.) 

2.  A portion  of  the  compound  is  boiled  for  some  time 
with  a concentrated  solution  of  carbonate  of  potass,  and 
the  fluid  subsequently  filtered  off  from  the  residue.  This 
residue  contains  the  alkaline  earth,  (which  forms  the  base 
of  the  substance  under  examination,)  in  combination  with 
carbonic  acid,  whilst  the  filtrate  contains  the  oxalic  acid 
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in  combination  with  potsss.  The  filtrate  is  now  acidified 
with  acetic  acid,  and  the  presence  of  the  oxalic  acid  is  then 
finally  proved  by  testing  with  solution  of  gypsum.  (§90. 
c.)  The  residue  is  thoroughly  washed,  subsequently  dis- 
solved in  hydrochloric  acid,  and  the  solution  treated  in  the 
usual  manner — vide  § 110.  4. 

Compounds  which  are  supposed  to  consist  of  hut  one  acid  and 

on e base,  dec. 

B.  Substances  insoluble  or  sparingly  soluble  in  water, 

BUT  SOLUBLE  IN  HYDROCHLORIC  ACID,  NITRIC  ACID,  OR  AQUA 

REGIA. 

DETECTION  OF  THE  ACID. 

I.  Detection  of  inorganic  acids. 

§ 114. 

1 . Chloric  acid  cannot  be  present,  since  all  chlorates  without 
exception  arc  soluble  in  water  ; the  nitrates  also,  with  the  excep- 
tion of  a few,  being  soluble  in  water,  the  presence  of  nitric 
acid  may  usually  be  disregarded.  The  basic  nitrate  of  bis- 
muth forms  the  most  frequently  occurring  exception  to  the  gene- 
ral rule  of  the  solubility  of  the  nitrates  in  water.  The  presence 
of  nitric  acid  in  insoluble  nitrates  may  be  most  readily  recognized 
by  the  deflagration  which  ensues  upon  throwing  a sample  of 
the  compound  under  examination  upon  red-hot  charcoal.  The  de- 
flagration which  ensues  upon  fusing  a nitrate  in  conjunction  with 
cyanide  of  potassium,  is  a still  more  conclusive  test.  ( Vide  § 102. 
a.)  For  the  analysis  of  those  of  the  metallic  cyanides  which 
are  insoluble  in  water,  I refer  to  § 131. 

2.  The  course  of  examination  which  I have  laid  down  for  the 
detection  of  the  bases  leads  likewise  to  that  of  arsen ious  and 
ARSENIC  ACID,  CARBONIC  ACID,  II  YDROSULrilURIC  ACID,  and 
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chromic  acid.  With  regard  to  the  latter  acid,  I repeat  here  that 
its  presence  is  indicated  by  the  yellow  or  red  color  of  the  com- 
pound, the  evolution  of  chlorine  which  ensues  upon  boiling  with 
hydrochloric  acid,  and  the  subsequent  discovery  of  oxide  of  chro- 
mium in  the  solution.  Fusion  of  the  compound  under  examina- 
tion with  carbonate  of  soda  and  nitrate  of  potass,  however,  is  the 
most  conclusive  test  for  chromic  acid.  (§  97.  b.) 

3.  A sample  of  the  substance  under  examination  is  boiled  with 
nitric  acid. 

a.  If  nitric  oxide  gas  is  evolved, — which  may  be  readily 
recognized  by  the  red  fumes  of  nitrous  acid  forming  in  the 
air, — this  indicates  the  presence  of  a sulphuret  ; whilst  the 
evolution  of  carbonic  acid  is  indicative  of  a carbonate. 
The  positive  proof  of  the  presence  of  a sulphuret  may  be 
obtained  by  testing  the  nitric  solution  with  chloride  of 
barium,  with  which  reagent  it  must  yield  a precipitate  of 
sulphate  of  barytes,  which  even  a large  proportion  of  water 
fails  to  dissolve.  The  blow-pipe  also  maybe  resorted  to  as  a 
conclusive  test  for  sulphurets.  (Vide  § 101.  #.) 

b.  If  violet  vapors  escape,  the  compound  may  be  supposed 
to  be  an  iodide.  A slip  of  paper,  covered  with  moist 
starch,  forms  the  most  conclusive  test  for  iodine.  (§ 
101.  c.) 

4.  A portion  of  the  nitric  acid  solution  (which  is  to  be  filtered 
first,  should  the  acid  have  failed  to  dissolve  the  whole  of  the 
sample)  is  diluted  with  water,  and  tested  subsequently  with  nitrate 
of  silver.  The  formation  of  a white  precipitate,  soluble  in  am- 
monia, and  fusing  without  decomposition  when  heated,  is  indica- 
tive of  the  presence  of  chlorine, 

5.  A sample  of  the  substance  is  boiled  with  hydrochloric  acid, 
and  the  solution  subsequently  filtered,  should  the  acid  fail  to 
dissolve  the  whole  of  the  sample.  The  solution  or  filtrate,  as  the 
case  may  be,  is  then  diluted  with  water,  and  nitrate  of  barytes 
added.  The  formation  of  a white  precipitate,  which  does  not  re- 
dissolve, even  though  a copious  amount  of  water  be  added  to  the 
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fluid  from  which  it  lias  separated,  indicates  the  presence  of  sul- 
phuric acid. 

0.  Test  for  boracic  acid  as  directed  at  § 111. 

7.  Should  none  of  these  acids  be  present,  the  analyst  may 
suspect  the  presence  of  either  phosphoric  acid  or  oxalic  acid,  or 
the  absence  of  all  acids.  Were  the  phosphoric  acid  combined 
with  an  alkaline  earth,  and  the  oxalic  acid  with  lime,  barytes,  or 
strontia,  they  would  have  been  detected  already  while  testing  for 
these  bases.  (§113.)  The  presence  of  these  two  acids,  accord- 
ingly, is  to  be  suspected  only  if  the  examination  for  bases  has 
revealed  the  presence  of  other  bases  than  the  alkaline  earths. 
Should  this  be  the  case,  the  fluid  is  prepared  for  further  exami- 
nation by  precipitating  and  separating  the  heavy  metals  from  it — 
(this  is  effected  in  acid  solutions  by  means  of  sulphuretted  hy- 
drogen, and  in  alkaline  solutions  by  hydrosulphuret  of  ammonia) 
— and  is  then  subsequently  tested  for  phosphoric  acid  and  oxalic 
acid,  according  to  the  instructions  given  at  § 111.  4. 

8.  For  the  detection  of  silicic  acid,  bromine,  and  fluorine, 
I refer  to  § 12G,  (at  the  end). 


Compounds  which  are  supposed,  to  consist  of  hut  one  base  and 

o/ie  acid,  dec. 

13.  Substances  insoluble  or  sparingly  soluble  in  water, 

BUT  SOLUBLE  IN  HYDROCHLORIC  ACID,  NITRIC  ACID,  OR  AQUA 
REGIA. 


DETECTION  OF  THE  ACID. 

II.  Detection  of  organic  acids. 

% 115. 

1.  A sample  of  the  substance  under  examination  is  dissolved 
in  the  smallest  possible  quantity  of  hydrochloric  acid.  If  a re- 
sidue remains,  this  must  be  filtered  off,  and  subsequently  tested 
for  benzoic  acid  by  heating  it.  Carbonate  of  potass  in  excess 
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is  added  to  the  solution  or  filtrate,  (as  the  case  may  be,)  and  the 
mixture  is  boiled  for  some  time,  and  subsequently  filtered.  The 
alkaline  filtrate  which  contains  the  organic  acid,  under  all  circum- 
stances, is  exactly  saturated  with  hydrochloric  acid,  and  the  mix- 
ture subsequently  tested,  as  directed  § 112.  No  regard  need  he 
had  to  formic  acid,  all  the  formiates  being  soluble  in  water. 

2.  Acetic  acid  is  most  readily  detected  in  such  compounds  by 
means  of  sulphuric  acid  and  alcohol.  (§  105.  a .) 


Compounds  which  are  supposed  to  consist  of  but  one  acid  and 

one  base , dec. 

C.  Substances  insoluble  or  sparingly  soluble  in  water, 

HYDROCHLORIC  ACID,  NITRIC  ACID,  OR  AQUA  REGIA. 

DETECTION  OF  THE  BASE  AND  THE  ACID. 

§ 116. 

Under  this  head  we  have  to  consider  here  sulphate  of 

BARYTES,  SULPHATE  OF  STRONTIA,  SULPHATE  OF  LIME,  SILICA, 
SULPHATE  OF  LEAD,  CHLORIDE  OF  LEAD,  and  CHLORIDE  OF  SILVER, 
as  the  most  frequently  occurring  compounds  belonging  to  this 
class.  Tor  the  less  frequently  occurring  insoluble  compounds,  I 
refer  to  § 130. 

_ Sulphate  of  lime  and  chloride  of  lead  are  not  altogether  inso- 
luble in  water,  and  sulphate  of  lead  may  be  dissolved  in  hydro- 
chloric acid.  However,  as  these  compounds  are,  at  all  events, 
of  very  difficult  solution,  I have  included  them  among  the 
class  of  insoluble  substances,  that  they  may  be  detected  here, 
should  they  have  escaped  detection  in  the  course  of  the  examina- 
tion of  the  aqueous  or  acid  solutions  of  the  substances  to  be 
analyzed. 

1.  A very  minute  quantity  of  the  substance  under  examination 
is  treated  with  hydrosulphuret  of  ammonia. 
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a.  It  becomes  black  ; this  indicates  the  presence  of  a 

SALT  OF  LEAD  Or  of  CHLORIDE  OF  SILVER.  A SOlRCwliat 
larger  portion  of  the  substance  is  then  digested  for  some 
time  with  liydrosulplmret  of  ammonia.  This  effects  the 
decomposition  of  the  metallic  salt  and  the  formation  of  a 
sulplmret,  which  latter  remains  undissolved,  whilst  wo  have 
in  solution  the  acid  of  the  metallic  salt  combined  witli  the 
ammonia  oftlie  liydrosulplmret  of  ammonia.  The  solution  is 
filtered  off  from  the  undissolved  sulplmret,  which  is  then 
washed,  and  subsequently  dissolved  in  nitric  acid,  the  solu- 
tion being  afterwards  tested  for  lead,  with  sulphuric  acid ; 
and  for  silver,  with  hydrochloric  acid,  aided  by  the  subse- 
quent addition  of  ammonia.  One  portion  of  the  filtrate  is 
tested  for  sulphuric  acid,  with  chloride  of  barium,  after 
having  previously  decomposed  the  excess  of  the  hydrosul- 
phuret  of  ammonia,  by  adding  hydrochloric  acid  and  boiling 
the  mixture  ; another  portion  is  tested  for  hydrochloric 
acid,  with  solution  of  nitrate  of  silver,  after  previous  acidifi- 
cation of  the  liquid  with  nitric  acid,  and  ebullition  of  the 
mixture. 

b.  It  remains  white.  Absence  of  a heavy  metallic  oxide. 
A small  portion  of  the  very  finely  levigated  substance  under 
examination  is  mixed  with  four  times  its  quantity  of  carbo- 
nate of  soda  and  potass,  and  the  mixture  is  introduced  into 
a small  platinum  crucible,  and  fused  over  a Berzelius’  spirit- 
lamp.  The  fused  mass  is  boiled  with  water. 

a.  Complete  solution  ensues  : silica.  All  doubt  re- 
garding the  presence  of  this  substance  may  be  removed 
by  supersaturating  the  solution  with  hydrochloric  acid, 
and  evaporating  to  dryness.  This  operation  serves  to 
convert  the  silicic  acid  into  the  insoluble  modification. 
It  will,  accordingly,  now  remain  undissolved  upon  treating 
the  residue  with  water.  If  the  residue  be  mixed  with 
carbonate  of  soda,  and  exposed  to  a strong  blow-pipe  flame, 
a clear  button  will  be  produced.  (§  100.  b.) 
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ft.  A white  residue  remains ; this  indicates  the  presence 
of  a sulphate  of  the  alkaline  earths.  The  solution 
is  filtered,  the  filtrate  acidified  with  hydrochloric  acid  and 
diluted  with  water,  the  fluid  then  tested  for  sulphuric 
acid,  with  chloride  of  "barium.  The  white  residue  (which 
contains  the  alkaline  earth  in  form  of  a carbonate)  is  care- 
fully washed,  dissolved  in  a small  quantity  of  dilute 
hydrochloric  acid,  and  the  solution  tested  for  barytes, 
strontia,  and  lime,  according  to  the  instructions  given  at 
§ 110.  4. 

Compounds  in  which  all  the  more  frequently  occurring  Bases , 
Acids,  Metals,  and  Metalloids,  are  supposed  to  be  present. 

A.  Substances  both  soluble  and  insoluble  in  water,  and 

SOLUBLE  IN  HYDROCHLORIC  ACID  OR  NITRIC  ACID. 

Detection  of  the  bases  A 
§ 117. 

I have  taken  classes  I.  and  II.  (vide  § 109.)  together  here,  be- 
cause the  systematic  course,  and  method  of  examination  is  in  most 
cases  the  same  for  both  classes.  Those  parts  which  refer  only  to 
substances  insoluble  in  water,  hut  soluble  in  hydrochloric  acid 
or  nitric  acid,  are  enclosed  between  inverted  commas  (“  — — ”)f 
and  may  therefore  be  passed  over  unnoticed,  when  examining 
substances,  soluble  in  water. 

I.  Solutions  in  water. 

A small  quantity  of  hydrochloric  acid  is  added. 

1.  The  solution  had  an  acid  or  neutral  reaction  pre- 
viously to  the  addition  of  the  hydrochloric  acid. 


* The  arsenious  and  arsenic  acid,  and  several  salts,  are  also  included 
here,  since  this  course  of  examination  leads  to  their  detection. 
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a.  No  precipitate  is  formed:  tliis  indicates  the  ab- 
sence of  silver  and  protoxide  of  mercury.  Pass  over  to 
§ 118. 

b.  A precipitate  is  formed  ; hydrochloric  acid  is  added 
to  the  solution  drop  by  drop,  until  the  quantity  of  the  pre- 
cipitate ceases  to  increase ; about  six  or  eight  drops  more  of 
hydrochloric  acid  are  then  added,  the  mixture  shaken,  and 
the  fluid  subsequently  filtered  off  from  the  precipitate.  (The 
precipitate  produced  by  the  hydrochloric  acid  may  consist 
of  chloride  of  silver,  protochloride  of  mercury,  chloride  of 
lead,  a basic  salt  of  antimony,  or  possibly  also  of  benzoic 
acid.  The  basic  salt  of  antimony,  however,  redissolves 
in  the  excess  of  the  hydrochloric  acid ; consequently 
if  the  instructions  given  here  have  been  strictly  followed, 
the  precipitate  collected  upon  the  filter  can  consist  only  of 
chloride  of  silver,  protochloride  of  mercury,  and  chloride  of 
lead,  — with  benzoic  acid,  we  have  no  business  in  this 
place  ) 

The  precipitate  collected  upon  the  filter  is  washed  twice 
with  water,  and  the  rinsings  are  added  to  the  filtrate,  the 
latter  is  then  examined  strictly  according  to  the  directions  of 
§118,  even  though  the  addition  of  the  rinsings  to  the  acid 
filtrate  should  produce  turbidity  in  the  fluid ; (this  indicates 
the  presence  of  compounds  of  antimony,  bismuth,  or  pro- 
toxide of  tin  ) 

The  washed  precipitate  is  now  treated  as  follows  : 

a.  Hot  water  is  poured  over  the  twice-washed  precipi- 
tate upon  the  filter,  and  the  fluid  running  off  is  tested  for 
lead,  with  sulphuric  acid.  (The  non-formation  of  a 
precipitate,  upon  the  addition  of  the  sulphuric  acid,  proves 
simply  that  the  precipitate  produced  by  hydrochloric 
acid  contains  no  lead,  but  not  by  any  means  the  total 
absence  of  lead,  since  hydrochloric  acid  fails  to  precipitate 
very  dilute  solutions  of  lead.) 

/3.  Solution  of  ammonia  is  poured  over  the  well 
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washed  precipitate  upon  the  filter.  Should  the  precipitate 
upon  this  turn  black  or  grey,  this  is  a sign  of  the  presence 

of  PROTOXIDE  OF  MERCURY. 

y.  The  ammoniacal  fluid  running  off  in  /?.,  is  mixed 
with  nitric  acid.  The  formation  of  a white,  curdy  precipi- 
tate indicates  the  presence  of  silver.  (Should  the  preci- 
pitate contain  lead,  the  ammoniacal  solution  will  generally 
appear  turbid,  owing  to  the  separation  of  a basic  salt  of 
lead.) 

This,  however,  does  not  interfere  with  the  testing  for 
silver,  since  the  basic  salt  of  lead  redissolves  upon  the 
addition  of  nitric  acid. 

2.  The  original  aqueous  solution  had  an  alkaline  re- 
action. 

a.  The  addition  of  hydrochloric  acid  to  strongly 

ACID  REACTION  FAILS  TO  PRODUCE  EVOLUTION  OF  GAS  OR  A 
PRECIPITATE,  OR  THE  PRECIPITATE  WHICH  FORMS  AT  FIRST 
REDISSOLVES  UPON  CONTINUED  ADDITION  OF  HYDROCHLORIC 

acid;  pass  over  to  § 118.  With  regard  to  the  passages 
between  inverted  commas,  and  which  relate  to  substances 
insoluble  in  water,  the  analyst  has  to  look  simply  to  that 
referring  to  phosphate  of  alumina ; should  an  ammoniacal 
salt  be  present,  however,  likewise  to  that  referring  to  the 
oxalates  of  the  alkaline  earths,  (with  the  exception  of  oxa- 
late of  lime,)  since  the  solution  of  these  compounds  in  a fluid 
with  alkaline  reaction  is  not  impossible. 

b.  The  addition  of  hydrochloric  acid  to  the  ori- 
ginal SOLUTION  PRODUCES  A PRECIPITATE  WHICH  DOES  NOT 
REDISSOLVE  IN  AN  EXCESS  OF  THE  PRECIPITANT,  NOT  EVEN 
UPON  BOILING. 

a.  The  formation  of  the  precipitate  is  not  attended 
with  evolution  of  sulphuretted  hydrogen  nor  of  hydro- 
cyanic acid.  The  fluid  is  filtered  off  from  the  precipitate, 
and  the  filtrate  treated  according  to  § 118. 

aa.  The  precipitate  is  white.  It  can,  in  that 
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case,  consist  only  of  chloride  of  lead,  sulphate  of 
lead,  or  chloride  of  silver.  Test  for  the  bases  and 
acids  of  these  three  compounds  according  to  the  instruc- 
tions of  § 130,  hearing  in  mind  that  the  chloride  of 
lead  or  chloride  of  silver  which  may  happen  to  he  found 
may  have  been  formed  in  the  process. 

bb.  The  precipitate  is  yellow  or  orange.  In 
this  case  it  may  consist  of  sulphuret  of  arsenic,  (or 
if  the  fluid  from  which  it  separated  was  not  boiled  long,  or 
with  very  dilute  hydrochloric  acid  only,  also  of  sulphuret 
of  antimony  or  bisulplmret  of  tin,)  which  substances 
were  originally  dissolved  in  solution  of  ammonia,  borax, 
phosphate  of  soda,  or  some  other  alkaline  fluid,  with 
the  exception  of  solutions  of  alkaline  sulphurets  and 
cyanides.  The  precipitate  is  tested  according  to  § 119. 
ft.  'The  formation  of  the  precipitate  is  attended  with 
evolution  of  sulphuretted  hydrogen  gas,  but  not  of 
hydrocyanic  acid* 

aa.  The  precipitate  is  of  a pure  white  color, 

AND  CONSISTS  OF  SEPARATED  SULPHUR.  In  this  Case 
an  alkaline  sulphuret  with  excess  of  sulphur  is  present. 
Filter  the  solution  and  pass  over  to  § 121,  hearing  in 
mind  that  of  the  substances  considered  in  that  paragraph 
alumina  and  oxide  of  chromium  alone  can  he  present. 

bb.  The  precipitate  is  colored.  In  this  case 
we  may  conclude  that  a metallic  sulphur  salt  is  present, 
i e.  a combination  of  an  alkaline  sulphur  base  with  an 
electro-negative  sulphuret.  The  fluid  is  Altered  oft"  from 
the  precipitate,  and  the  filtrate  is  treated  as  directed  in  aa. 
The  precipitate  is  treated  according  to  the  directions 
given  at  § 1 18.  3.  It  may  consist  of  sulphuret  of 

* Should  the  odor  of  the  evolved  gas  leave  the  analyst  in  doubt  regarding 
the  actual  presence  or  absence  of  hydrocyanic  acid,  he  need  simply  add 
some  chromate  of  potass  to  a sample  of  the  fluid,  previously  to  the  addition 
of  the  hydrochloric  acid. 
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GOLD,  SULPHURET  OF  PLATINUM,  SULPHURET  OF  TIN, 
SULPHURET  OF  ARSENIC,  OR  SULPHURET  OF  ANTIMONY. 

It  miglit,  however,  consist  also  of  bisulphuret  of  mer- 
cury or  of  sulphuret  of  copper,  or  contain  either 
of  these  substances,  since  the  former  is  readily  soluble 
in  sulphuret  of  potassium,  and  the  latter  slightly  soluble 
in  sulphuret  of  ammonium. 

y.  The  formation  of  the  precipitate  is  attended  with 
evolution  of  hydrocyanic  acid , with  or  without  simul- 
taneous disengagement  of  sulphuretted  hydrogen . This 
indicates  the  presence  of  an  alkaline  catanide,  and,  if 
the  evolution  of  the  hydrocyanic  acid  is  attended  with 
that  of  sulphuretted  hydrogen,  likewise  of  an  alkaline 
sulphuret,  m this  case  the  precipitates  may,  besides 
the  compounds  enumerated  sub.  a.  and  /?.,  contain  many 
other  substances,  (e.  g.  sulphuret  of  nickel,  cyanide  of 
nickel,  cyanide  of  silver,  &c.)  The  mixture  is  kept 
boiling  (with  further  addition  of  hydrochloric  acid)  until 
the  whole  of  the  hydrocyanic  acid  is  expelled ; the  solu  • 
tion,  or,  should  any  undissolved  residue  remain,  the  filtrate 
is  treated  according  to  § 118,  the  residue  (if  any  remain) 
is  treated  according  to  § 130. 

c.  The  addition  of  hydrochloric  acid  fails  to  pro- 
duce a permanent  precipitate,  but  causes  evolution 

OF  GAS. 

a.  The  escaping  gas  smells  of  sulphuretted  hydrogen  ; 
this  indicates  a simple  alkaline  sulphur  compound. 
The  further  operations  are  conducted  as  directed  at  h. 
fi.  aa. 

(3.  The  escaping  gas  is  inodorous ; in  this  case  it  is 
carbonic  acid  which  was  combined  with  an  alkali.  Pass 
over  to  § 118. 

y.  The  escaping  gas  smells  of  hydrocyanic  acid  (no 
matter  whether  sulphuretted  hydrogen  or  carbonic  acid 
are  evolved  likewise  or  not).  This  indicates  the  presence 
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of  an  alkaline  cyanide.  The  mixture  is  kept  boiling 
until  the  whole  of  the  hydrocyanic  acid  is  expelled,  and 
is  then  treated  according  to  the  instructions  which  will  be 
found  at  § 118. 

II.  Solutions  in  hydrochloric  acid. 

These  are  treated  as  § 118.  directs. 

III.  Solutions  in  nitric  acid 

A small  portion  of  the  solution  is  diluted  with  much  water. 

1.  It  remains  transparent:  add  hydrochloric  acid. 

a.  No  precipitate  is  formed.  Absence  of  silver.  The 
original  solution  is  treated  according  to  § 118. 

b.  A precipitate  is  formed.  If  this  does  not  redissolve 
upon  heating  the  fluid,  but  is  subsequently,  when  thoroughly 
washed,  dissolved  by  ammonia,  silver  is  present.  The  ori- 
ginal solution  is  treated  as  directed  at  § 118. 

2.  The  solution  becomes  milky  : bismuth  or  antimony. 
The  fluid  is  filtered,  and  the  filtrate  tested  for  silver  according  to 
the  directions  of  § 117.  III.  1.;  the  original  solution  is  treated 
as  § 118  directs. 


§ 118. 

Solution  of  sulphuretted  hydrogen  is  added  to  a small 
portion  of  the  clear  acid  solution,  until  the  fluid,  when 
agitated,  emits  a clearly  perceptible  odor  of  sulphu- 
retted hydrogen  ; heat  is  then  applied. 

a.  No  precipitate  is  formed,  not  even  after  the  lapse 
of  some  time.  Pass  over  to  § 121,  for  neither  lead,  bismuth, 
cadmium,  copper,  mercury,  gold,  platinum,  antimony,  tin, 
nor  arsenic,*  are  present  ;t  the  absence  of  peroxide  of  iron 

* Should  the  preliminary  examination  have  led  the  analyst  to  suspect  the 
presence  of  arsenic  acid,  he  ought  to  endeavour  now  to  obtain  the  most  con- 
clusive evidence  of  the  absence  of  this  acid  ; this  may  be  effected  by  allowing 
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and  of  chromic  acid  is  also  indicated  by  this  negative  re- 
action. 

b.  A PRECIPITATE  IS  FORMED. 

act.  The  precipitate  is  of  a pure  white  color,  slight  and 
pulverulent,  and  does  not  redissolve  on  addition  of  hydro- 
chloric acid.  It  consists  of  separated  sulphur,  and  indi- 
cates the  presence  of  peroxide  of  iron.J  None  of  the 
other  metals,  enumerated  at  § 118.  a.  can  be  present.  The 
original  solution  is  treated  as  § 1 21  directs. 
bb.  The  precipitate  is  colored. 

Solution  of  sulphuretted  hydrogen  is  added  to  the  larger 
portion  of  the  acid  or  acidified  solution,  until  the  latter 
smells  distinctly  of  sulphuretted  hydrogen,  and  the  preci- 
pitate ceases  to  increase  upon  contiuued  addition  of  the 
reagent ; the  mixture  is  then  heated  nearly  to  boiling,  and 
strongly  agitated  for  some  time. 

In  many  cases,  and  more  particularly  when  there  is  any 
reason  to  suspect  the  presence  of  arsenic,  it  will  be  found 
more  to  the  purpose,  to  transmit  sulphuretted  hydrogen 
gas  through  the  diluted  solution,  instead  of  adding  sulphu- 
retted hydrogen  water. 

I.  The  PRECIPITATE  IS  OF  A PURE  YELLOW  COLOR.  Ill  this 
ease  it  can  consist  only  of  arsenious  or  arsenic  acid,  of  per- 
oxide of  tin,  or  of  oxide  of  cadmium.  The  fluid — (which  is 

the  sample  to  stand  at  rest  for  some  time,  or  by  adding  sulphurous  acid  to  it 
previously  to  the  addition  of  the  sulphuretted  hydrogen.  (Compare  § 95.  e .) 

f In  solutions  containing  much  free  acid,  the  precipitates  are  frequently 
formed  only  after  dilution  with  water. 

X Sulphur  will  precipitate  also  if  sulphurous  acid,  iodic  acid,  bro- 
mic acid,  are  present,  (these  substances  do  not  come  within  the  scope  of  the 
present  work,)  and  also  if  chromic  acid,  chloric  acid,  or  free  chlorine  are  pre- 
sent. In  presence  of  chromic  acid,  the  separation  of  the  sulphur  is  attended 
with  reduction  of  the  acid  to  oxide  of  chromium,  in  consequence  of  which  the 
reddish-yellow  color  of  the  solution  changes  to  green.  (Compare  § 97.  b.  3.) 
The  white  sulphur  suspended  in  the  solution,  appears  at  first  like  a green  pre- 
cipitate, which  frequently  tends  to  mislead  novices. 
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subsequently  to  be  tested  according  to  § 121)  — is  separated  from 
the  precipitate,*  and  the  latter  washed,  and  a small  portion  of  it 
digested  with  ammonia. 

a.  The  precipitate  is  completely  redissolved : absence  of 
cadmium.  The  rest  of  the  precipitate  is  tested  for  tin  and 
arsenic,  according  to  the  directions  of  § 119.  1. 

b.  A yellow  residue  remains  even  after  addition  of  a fur- 
ther amount  of  ammonia  and  application  of  a moderate 
heat ; cadmium.  The  whole  of  the  precipitate  is  treated  like 
the  sample,  and  the  fluid  is  subsequently  filtered  off  from  the 
undissolved  residue  ; hydrochloric  acid  in  excess  is  added  to 
the  filtrate.  The  non-formation  of  a precipitate  denotes  that 
the  first  precipitate  consisted  exclusively  of  sulpliuret  of  cad- 
mium ; but  if  a precipitate  is  formed,  this  may  consist  of 
peroxide  of  tin,  or  arsenic,  and  is  to  be  examined  ac- 
cording to  § 119.  1. 

2.  The  precipitate  is  orange  red,  or  yellow,  with  a 
shade  of  orange  It  indicates  antimony,  but  may,  moreover, 
contain  tin — (should  this  metal  have  been  present  as  peroxide) — 
arsenic  or  cadmium  ; the  precipitate  is  separated  from  the  fluid 
— (which  is  subsequently  tested  as  § 121  directs) — washed,  and  a 
small  portion  of  it  digested  with  hydrosulphuret  of  ammonia  con- 
taining an  excess  of  sulphur. 

a . It  redissolves  completely  : absence  of  cadmium.  The 
rest  of  the  precipitate  is  treated  as  directed  at  ^ 1 19.  2. 

h.  A yellow  residue  remains , even  after  protracted  di- 
yes  /ion,  with  a larger  quantity  of  hydrosulphuret  of  am- 
monia : cadmium.  The  entire  precipitate  is  then  treated  in 
the  same  manner  as  the  sample,  and  the  fluid  is  subsequently 

* The  best  way  of  separating  a precipitate  from  a fluid,  and  which  ought 
to  be  pursued  in  qualitative  analysis,  whenever  practicable,  is  to  allow  the 
precipitate  to  subside.  This  may  almost  invariably  be  effected  by  the  appli- 
cation of  heat  and  a vigorous  shake  of  the  fluid) — and  to  transfer  the  fluid 
alone  to  the  filter,  leaving  the  precipitate  in  the  test  cylinder,  where  it  may 
subsequently  be  washed  by  decantation. 
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filtered  off  from  tlie  sulphuret  of  cadmium  ; a sliglit  excess 
of  hydrochloric  acid  is  added  to  the  filtrate,  and  the  precipi- 
tate formed  is  treated  as  directed  at  § 119.  2. 

3.  The  precipitate  is  of  a dark  brown  or  black  color. 
The  precipitate  is  separated  from  the  fluid — (which  is  subse- 
quently tested  according  to  the  directions  of  § 121) — washed  with 
water,  and  a small  portion  of  it  is  subsequently  digested  for  some 
time,  with  hydrosulphuret  of  ammonia,  containing  an  excess  of 
sulphur.* 

a.  The  precipitate  redissolves  completely  in  hydrosul- 
phuret of  ammonia  (or  sulphuret  of  potassium  ;)  absence 
of  cadmium,  lead,  bismuth,  copper,  and  mercury:  § 120  may 
therefore  be  passed  over.  The  rest  of  the  original  precipitate 
is  treated  according  to  the  instructions  of  § 119. 

h.  The  precipitate  is  not  redissolved , or  at  least  not 
completely . The  mixture  is  diluted  with  from  four  to  five 
parts’  of  water,  the  fluid  is  then  filtered  off  from  the  precipi- 
tate, and  hydrochloric  acid  in  excess  subsequently  added  to 
the  filtrate. 

a.  The  fluid  turns  milky , owing  to  the  separation  of 
sulphur.  Absence  of  gold,  platinum,  tin,  antimony,  and 
arsenic.  The  rest  of  the  original  precipitate  is  treated 
according  to  the  directions  of  § 120. 

* If  the  solution  contains  copper,  which  is  generally  revealed  by  the  color 
of  the  fluid,  and  may  be  ascertained  positively  by  testing  with  a clean  iron 
rod,  (vide  § 92.  b.  8.)  solution  of  sulphuret  of  potassium  is  to  be  substituted 
for  hydrosulphuret  of  ammonia,  and  the  mixture  is  boiled,  (vide  § 92.  b.  3.) 
But  if  the  fluid,  besides  copper,  contains  likewise  peroxide  of  mercury  (the 
presence  of  which  is  generally  sufficiently  revealed  by  the  several  changes  of 
color  exhibited  by  the  precipitate  forming  upon  the  addition  of  the  sulphu- 
retted hydrogen,  (§  92.  a.  3.)  and  which,  in  donbtful  cases,  may  be  as- 
certained by  testing  a sample  of  the  original  acidified  solution,  with 
protochloride  of  tin,)  hydrosulphuret  of  ammonia  must  be  used,  although 
the  separation  of  the  sulphuret  of  the  antimony  group  from  the  sul- 
phuret of  copper  is  not  fully  effected  in  such  cases ; since  were  sulphuret 
of  potassium  used,  the  bisulphuret  of  mercury  would  dissolve  in  this  reagent, 
and  this  would  impede  the  further  examination  of  the  sulphurets  of  the  anti- 
mony goup. 
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(3.  A colored  precipitate  is  formed.  I lie  color  of  the 
precipitate  is  minutely  inspected  ; the  rest  of  the  original 
precipitate  is  then  treated  like  the  sample,  i.  e.  digested 
with  hydrosulphuret  of  ammonia  containing  an  excess  of 
sulphur,  or  with  sulphuret  of  potassium,  as  the  case  may 
be ; the  undissolved  residue  is  allowed  to  subside,  and  the 
supernatant  fluid  is  passed  through  the  filter  ; the  residue 
in  the  test-cylinder  is  once  more  digested  with  hydro- 
sulphuret of  ammonia  (respect,  sulphuret  of  potassium), 
and  the  fluid  subsequently  filtered  off  from  the  residue,* 
which  latter  is  then  washed  and  kept  for  further  examina- 
tion, according  to  the  direction  of  § 120.  The  whole  of 
the  filtrate  is  diluted  with  some  water,  and  a slight  excess 
of  hydrochloric  acid  added  to  the  fluid  ; the  mixture  is 
now  heated  and  the  precipitate  produced  is  treated  as 
follows:  (§  119.) 


§ 119. 

The  PRECIPITATE  PRODUCED  BY  HYDROCHLORIC  ACID  (§  118. 
fi.  b.  y.)  is  : 

1.  Of  a pure  yellow  color  without  the  slightest 
shade  of  orange  i arsenic  or  tin.  The  fluid  is  filtered  off  from 
the  precipitate,  which  is  then  thoroughly  washed ; a small  portion 
of  the  washed  precipitate  is  subsequently  heated  upon  the  lid  of  a 
porcelain  crucible,  or  upon  a broken  piece  of  porcelain  or  glass. 

a.  Complete  volatilization  ensues : absence  of  tin.  The 
rest  of  the  precipitate  is  carefully  dried  and  subsequently 
mixed  with  about  six  times  its  weight  of  a perfectly  dry  mix- 


* Should  the  residue  readily  subside,  it  is  to  be  left  in  the  test-cylinder, 
and  washed  by  decantation.  But  if  its  subsidence  proceeds  slowly  and  with 
difficulty,  it  is  to  be  transferred  to  and  washed  upon  the  filter;  a hole 
is  then  made  in  the  bottom  of  the  filter,  and  the  residue  is  washed  with 
the  aid  of  a syringe  bottle,  into  a small  porcelain  basin  ; the  application  of  a 
gentle  heat  will  now  materially  aid  the  subsidence  of  the  residue,  so  that  the 
separated  water  may  soon  be  readily  decanted. 
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ture  of  equal  parts  of  carbonate  of  soda  and  cyanide  of 
potassium  ; tlie  whole  mass  is  introduced  into  a small  glass 
tube  expanded  into  a bulb  at  one  end ; the  heat  of  a 
Berzelius  lamp  is  then  applied.  The  formation  of  a me- 
tallic mirror  is  a positive  proof  of  the  presence  of  arsenic. 
Should  the  amount  of  the  precipitate  be  very  minute,  the 
reduction  is  to  be  effected  in  a slow  stream  of  carbonic  acid 
gas  (compare  § 95.  d.  10).  Whether  the  arsenic  was  present  in 
the  form  of  arsenious  acid  or  in  that  of  arsenic  acid,  the  analyst 
may  ascertain  by  the  method  described  at  the  end  of  § 95. 

b.  A fixed  residue  remains.  Probable  presence  of  tin. 
The  rest  of  the  precipitate  is  thoroughly  dried  upon  the  filter, 
and  mixed  subsequently  with  one  part  of  effloresced  soda  and 
one  part  of  nitrate  of  potass ; the  mixture  is  projected  in 
small  portions  into  a small  porcelain  crucible  containing  two 
parts  of  nitrate  of  potass  in  a state  of  fusion.* 

The  fusing  mass  is  poured  upon  a broken  piece  of  por- 
celain, (to  preserve  the  crucible,)  and  allowed  to  cool ; when 
cold,  it  is  reduced  to  powder,  and  digested  with  cold 
water  ; the  fluid  is  filtered  off  from  the  white  residue,  (which 
will  remain  if  tin  is  really  present,)  and  the  latter  is 
thoroughly  washed ; the  preseuce  of  tin  is  then  finally 
demonstrated  by  reducing  the  washed  residue  before  the 
blow-pipe  in  conjunction  with  cyanide  of  potassium  and  car- 
bonate of  soda,  and  rubbing  the  reduced  mass  in  a small 
mortar,  with  some  water ; in  this  latter  operation,  it  is  neces- 
sary to  press  strongly  upon  the  mass.  (Vide  § 95.  a.  7.) 

* Should  the  amount  of  the  precipitate  be  so  minute  that  this  operation 
cannot  be  conveniently  performed,  the  dry  filter,  with  the  precipitate  adhering 
to  it,  is  to  be  cut  into  small  fragments,  which  are  then  to  be  rubbed  together 
with  some  carbonate  of  soda  and  nitrate  of  potass,  the  whole  mass  (the  paper 
as  well  as  the  powder)  being  subsequently  projected  into  the  fusing  nitrate 
of  potass.  It  is  preferable,  however,  in  such  cases,  to  procure  a sufficiently 
large  amount  of  the  precipitate,  or  there  will  be  but  little  hope  of  effecting 
the  positive  detection  of  the  tin- 
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Whether  the  tin  was  present  as  frotoxide,  the  analyst  may 
ascertain  bv  mixing  a small  sample  of  the  original  aqueous 
or  hydrochloric  solution,  with  a drop  of  nitric  acid  and  some 
perchloride  of  gold.  (§  95.  b.  0.) 

The  filtrate  is  divided  into  two  portions,  and  highly 
dilute  nitric  acid  is  added  cautiously  to  the  one  to  feebly  acid 
reaction,  and  heat  applied.*  Nitrate  of  silver  is  then  added, 
and  the  fluid  filtered  ; should  any  chloride  of  silver  separate, 
(which  will  invariably  happen  in  cases  where  the  reagents 
were  not  perfectly  pure,  or  the  precipitate  has  not  been 
thoroughly  washed.)  A layer  of  very  dilute  solution  of 
ammonia  (20  parts  of  water  to  one  part  of  common  ammonia) 
is  gently  poured  upon  the  filtrate,  the  tube  being  held  in  an 
oblique  position  for  this  purpose,  so  that  the  solution  of 
ammonia  may  run  down  the  side  ; the  mixture  is  then  allowed 
to  stand  at  rest  for  some  time.  The  formation  of  a reddish- 
brown  precipitate,  which  appears  hovering  cloud-like  between 
the  two  layers,  (and  may  be  seen  far  more  readily  and  distinctly 
by  reflected  than  by  transmitted  light,)  denotes  the  presence 
of  arsenic.  To  gain  more  positive  information  on  this 
point,  the  second  portion  of  the  filtrate  (of  the  solution  of 
the  deflagrated  mass)  is  precipitated  with  solution  of  neutral 
acetate  of  lead  ; the  precipitate  is  filtered  off,  dried  between 
blotting  paper,  and  subsequently  exposed  on  charcoal  to  the 
inner  blow-pipe  flame.  If  arsenic  is  really  present,  a globule 
of  metallic  lead  containing  an  admixture  of  arsenic  will  be 
produced,  which  will  emit  the  garlic  odor  of  arsenic  very  long 
and  continuously  whenever  exposed  to  the  reducing  blow- 
pipe flame.  The  only  positive  proof  of  the  presence  of 

* In  some  cases  where  a rather  larger  proportion  of  carbonate  of  soda  has 
been  used,  a trifling  precipitate  (hydrated  peroxide  of  tin)  will  separate  upon 
the  acidification  of  the  filtrate  with  nitric  acid.  This  may  be  filtered  off  and 
tested  for  tin  in  the  same  manner  as  the  undissolved  residue,  but  if  the  pre- 
sence of  tin  has  been  demonstrated  already,  this  precipitate  maybe  altogether 
disregarded,  and  the  operation  may  at  once  proceed  as  directed  above. 
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arsenic,  however,  is  the  exhibition  of  this  substance  in  the 
metallic  state.  (Compare  § 95.  d.  and  e .)  Whether  the  arsenic 
was  present  in  the  form  of  arsenious  acid,  or  in  that  of  arsenic 
acid,  the  analyst  may  ascertain  by  the  method  described  at  the 
end  of  § 95. 

2.  Orange-red  ; or  yellow,  with  a shade  of  orange  ; 
antimony  : tin  and  arsenic  may  he  present  besides  this  metal. 
The  precipitate  is  washed,  dried,  and  subsequently  deflagrated  with 
nitre  and  carbonate  of  soda,  in  the  same  manner  as  directed  at 
§119.  1.  b.  The  aqueous  solution  of  the  deflagrated  mass  is 
tested  for  arsenic,  in  strict  conformity  with  the  directions  given  in 
the  same  place.*  The  residue  which  remains  upon  treating  the 
deflagrated  mass  with  cold  water,  may  he  tested  in  three  different 
ways. 

a.  The  residue  is  thoroughly  washed,  mixed  with  cyanide 
of  potassium  and  carbonate  of  soda,  and  the  mixture  is 
exposed,  on  charcoal,  to  the  reducing  flame  of  the  blow- 
pipe. 

a.  Metallic  globules  appear,  which  volatilize  at  last  com- 
pletely, with  the  emission  of  white  fumes  and  the  formation 
of  a white  crust.  This  demonstrates  the  presence  of  anti- 
mony, and  the  absence  of  tin. 

/3.  Soft  metallic  globules  remain,  after  long  continued 
blowing  : TiN.f  The  presence  and  nature  of  these  globules 
may  he  ascertained  best  by  rubbing  the  test  specimen 
together  with  the  surrounding  particles  of  the  charcoal 
in  a mortar  with  some  water.  (§  95.  c.) 

* Should  a precipitate  (hydrated  antimonic  acid  or  hydrated  peroxide  of 
tin)  form  upon  the  acidification  of  the  fluid  filtered  off  from  the  residue  re- 
maining upon  the  extraction  of  the  deflagrated  mass  with  water,  this  may  be 
filtered  off  and  added  to  the  residue.  However,  as  the  latter  contains  usually 
sufficient  of  tin  and  antimony,  this  precipitate  may  be  altogether  disregarded, 
and  the  process  may  at  once  proceed  as  directed  at  119. 1.  b. 

f Whether  the  tin  is  present  in  the  form  of  protoxide,  may  be  ascertained  in 
the  same  manner  as  directed  at  § 1 19-  1*  b. 


DETECTION  OF  THE  BASES. 


[*  U9. 


2 o-l 


b.  Tlie  residue  is  thoroughly  washed  with  water,  dried,  and 
mixed  with  from  four  to  five  times  its  amount  of  cyanide  of 
potassium  ; the  mixture  is  introduced  into  a small  porcelain 
crucible,  fused  by  a strong  heat  and  kept  in  fusion  for  some 
time.  The  fused  mass  is  then  cooled,  and  water  subsequently 
poured  over  it ; the  mixture  is  heated  to  boiling,  and  the  dross 
is  thus  separated  from  the  metallic  globules.  These  latter 
are  treated  with  nitric  acid,  and  the  process  fur  the  detection 
of  tin  and  antimony  is  conducted  exactly  as  § 109.  B.  2.  b. 
directs. 

c.  The  residue  is  thoroughly  washed,  and  subsequently  dis- 
solved in  hydrochloric  acid  ; the  solution  is  diluted,  and  a 
small  zinc  rod  placed  into  it.  When  the  action  of  the  latter 
has  ceased,  and  the  reduction  is  complete,  the  reduced  metals 
(which  may  be  readily  separated  from  the  compact  piece  of 
zinc,)  are  boiled  with  nitric  acid,  and  the  further  process  is 
conducted  exactly  as  § 109.  B.  2.  b.  directs. 

The  two  latter  methods  of  detecting  tin  and  antimony  by 
the  side  of  one  another,  are,  for  beginners  at  least,  far  safer 
than  the  first.  But  either  of  the  three  methods  requires  a 
sufficiently  large  amount  of  the  precipitate. 

3.  Brownish-black,  gold  or  platinum  ; and,  besides  these, 
perhaps  also  antimony,  arsenic,  tin.  Add  to  the  original  solu- 
tion of  the  substance. 

a.  Protochloride  of  tin;  the  formation  of  a reddish-brown 
or  purple- colored  precipitate  denotes  gold.  The  presence  of 
this  metal  may  be  positively  demonstrated  by  testing  a por- 
tion of  the  original  solution  of  the  substance  with  proto- 
sulphate of  iron,  since  this  will  effect  the  separation  of  me- 
tallic gold  in  the  form  of  a black  powder. 

b.  Chloride  of  ammonium ; the  formation  of  a yellow 
precipitate  is  indicative  of  the  presence  of  platinum.  Should 
the  solution  be  highly  dilute,  it  is  to  be  concentrated  by 
evaporation,  previously  to  the  addition  of  the  reagent. 
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A portion  of  the  precipitate  is  tested  for  arsenic,  as  di- 
rected at  § 1J9.  1.  a.  The  rest  is  boiled  with  concentrated 
hydrochloric  acid  and  the  solution  is  subsequently  filtered ; 
the  filtrate  is  tested  for  antimony  by  dropping  one  drop  of  it 
into  water;  (after  having  previously  removed,  as  much  as 
possible,  the  excess  of  acid  by  evaporation  ;)  if  the  water 
becomes  milky,  this  denotes  the  presence  of  antimony. 
Or  a small  portion  of  the  filtrate  is  mixed  with  solu- 
tion of  sulphuretted  hydrogen ; the  formation  of  an  orange- 
coloured  precipitate  indicates  antimony.  The  rest  of  the 
hydrochloric  solution  is  evaporated  to  dryness,  and  the 
residue  mixed  with  carbonate  of  soda  and  cyanide  of  potas- 
sium ; the  mixture  is  tested  for  peroxide  of  tin,  according 
to  the  directions  of  § 119.  2.  Antimony  and  tin  may,  how- 
ever, more  safely  be  detected  by  precipitating  them  from  the 
hydrochloric  filtrate,  by  means  of  zinc,  and  conducting  the 
further  process  strictly  according  to  the  directions  of  § 119. 


The  precipitate  which  has  not  been  dissolved  by 
hydrosulphuret  of  ammonia,  or  sulphuret  of  potassium  (§118. 

8.  b)  IS  WASHED,  AND  SUBSEQUENTLY  BOILED  WITH  NITRIC 
acid.  This  operation  is  performed  best  in  a small  porcelain  basin  ; 
the  boiling  mass  must  be  constantly  stirred  during  the  process. 

1.  The  PRECIPITATE  DISSOLVES,  AND  NOTHING  REMAINS  FLOAT- 
ING IN  THE  FLUID  EXCEPT  THE  SEPARATED,  LIGHT  ELOCCULENT, 

yellow  sulphur  ; this  indicates  the  absence  of  mercury,  Cad- 
mium, copper,  lead,  and  bismuth,  may  be  present.  If  the  pre- 
cipitate was  originally  of  a pure  yellow  color,  cadmium  alone  is 
present ; if  it  was  originally  brown  or  black,  it  is  to  be  filtered  off 
from  the  separated  sulphur,  and  the  filtrate  is  to  be  tested  as 
follows  : 

a.  Ammonia  in  excess  is  added  to  one  third  part  of  the 
filtrate. 
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a.  No  precipitate  is  formed : absence  of  lend  and 
bismuth.  Presence  of  copper,  and  perhaps  also  of  cad- 
mium. 

(The  presence  of  the  copper  is  usually  sufficiently  de- 
monstrated by  the  blue  color  of  the  ammoniacal  fluid  ; 
should  it  prove  otherwise,  however,  the  fluid  is  to  be  acidi- 
fied with  acetic  acid  and  ferrocyanide  of  potassium  added, 
when  even  the  most  minute  traces  of  copper  will  be  re- 
vealed bv  a light  brownish  red  coloration  and  turbidity  of 
the  fluid.) 

The  rest  of  the  filtrate  is  tested  for  cadmium,  by  adding 
carbonate  of  ammonia  in  excess,  applying  heat  and  allowing 
the  mixture  to  stand  at  rest  for  some  time.  Should  a 
white  precipitate  form,  this  consists  of  cadmium.  Positive 
conviction  on  this  point  may  be  gained  by  dissolving  this 
precipitate  in  hydrochloric  acid  adding  sulphuretted  hydro- 
gen water  to  the  solution,  when  the  presence  of  cadmium 
will  be  positively  demonstrated  by  the  formation  of  a 
yellow  precipitate. 

p.  A precipitate . is  formed  : Presence  of  lead  or  bis- 
muth, perhaps,  also  of  copper  and  cadmium.  The  fluid 
is  filtered  off  from  the  precipitate,  and  one  half  of  the 
filtrate  is  tested  for  copper,  (should  the  blue  coloration  of 
the  ammoniacal  fluid  not  sufficiently  demonstrate  the  pre- 
sence of  this  metal)  ; the  other  half  of  the  filtrate  is  slightly 
acidulated  with  hydrochloric  acid,  and  tested  for  cadmium, 
with  carbonate  of  ammonia  in  excess,  as  at  a. 
b.  The  rest  of  the  nitric  acid  solution  is  divided  into  two 
parts,  which  are  then  respectively  tested  for  lead  and  bismuth 
as  follows  : 

a.  A not  too  inconsiderable  amount  of  dilute  sulphuric 
acid  is  added  to  one  part.  The  immediate  or  subsequent 
formation  of  a precipitate  denotes  the  presence  of  lead. 
(In  some  instances  the  precipitate  separates  only  after  the 
lapse  of  a considerable  time.)  To  render  this  reaction 
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more  distinct  and  marked,  the  greater  part  of  the  free  nitric 
acid  present,  may  be  removed  by  evaporation,  previously  to 
the  addition  of  the  reagent. 

/?.  The  other  part  is  evaporated  to  dryness  and  the 
residue  treated  with  a few  drops  of  water,  and  one  or  two 
drops  of  hydrochloric  acid,  according  to  its  greater  or  less 
bulk.  Heat  is  then  applied,  and  the  solution  obtained  is 
subsequently  poured  into  a test  cylinder  filled  with 
water.  Ensuing  turbidity  demonstrates  the  presence  of 

BISMUTH.* 

2.  The  boiling  nitric  acid  fails  to  redissolve  the 

WHOLE  OF  THE  PRECIPITATED  SULPHURETS,  AND  LEAVES  AN  UN- 
DISSOLVED RESIDUE,  BESIDES  THE  LIGHT  FLAKES  OF  SULPHUR 

that  float  in  the  fluid  : Probable  presence  of  peroxide  of 
mercury,  (the  presence  of  this  substance  may  be  pronounced  with 
almost  positive  certainty,  if  the  precipitate  is  heavy  and  black.) 
The  precipitate  is  allowed  to  subside,  and  the  fluid  is  filtered  off 
from  it ; the  filtrate  is  to  be  tested  for  cadmium,  copper,  lead, 
and  bismuth  : a small  portion  of  it  is  mixed  with  a copious 
amount  of  solution  of  sulphuretted  hydrogen,  and,  should  a precipi- 
tate form,  the  remainder  is  treated  according  to  the  directions 
of  § 120.  1.  The  residue  is  washed,  dissolved  by  the  addition  of 
a few  drops  of  aqua  regia,  and  ammonia  added,  until  the  solution 
retains  only  a feebly  acid  reaction;  a drop  of  the  fluid  is  then 
placed  upon  a clean  copper  plate.  If  mercury  be  present,  the 
surface  of  the  copper  will,  after  the  lapse  of  some  time,  exhibit  a 
white  stain,  which  presents  a metallic  lustre  when  rubbed,  and 
disappears  upon  heating.  Or  the  solution  in  aqua  regia  is  evapo- 
rated nearly  to  dryness,  some  hydrochloric  acid  being  added 
during  evaporation ; the  residuary  mass  is  diluted  with  some 
water,  and  protochloride  of  tin  added.  The  formation  of  a preci- 


* For  another  method  of  distinguishing  cadmium,  copper,  lead,  and  bis- 
muth, from  one  another,  I refer  to  Chapter  II.  (additions  and  remarks  to 
§120.) 
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pitate,  which  appears  white  at  first,  but  changes  to  grey  upon  the 
addition  of  an  excess  of  protochloride  of  tin,  is  a positive  proof  of 
the  presence  of  mercury. 

§ 121. 

A SAMPLE  OF  THE  FLUID  IN  WHICH  SOLUTION  OF  SULPHU- 
RETTED HYDROGEN  HAS  FAILED  TO  PRODUCE  A PRECIPITATE, 
(§  118.  Cl.)  OR  OF  THE  FLUID  WHICH  HAS  BEEN  FILTERED  OFF 
FROM  THE  PRECIPITATE  FORMED,  IS  MIXED  WITH  AMMONIA  TO 
ALKALINE  REACTION,  AND  HYDROSU LPIIURET  OF  AMMONIA  IS  THEN 
added,  (no  matter  whether  the  ammonia  lias  produced  a precipi- 
tate or  not.) 

In  cases  where  but  a minute  quantity  of  hydrochloric  acid  is 
present,  and  where,  therefore,  hut  little  chloride  of  ammonium  has 
been  formed,  a certain  amount  of  solution  of  sal  ammoniac  is  to  be 
added  to  the  fluid  previously  to  the  addition  of  the  ammonia  and 
hydrosulphuret  of  ammonia. 

a.  No  precipitate  is  formed.  Pass  over  to  § 122,  for 
neither  iron,  manganese,  cobalt,  zinc,  nickel,  oxide  of 
chromium,  nor  alumina,  are  present ; nor  are  the  phosphates 
of  the  alkaline  earths,  nor  oxalate  of  lime,  barytes,  and 
strontia. 

b.  A precipitate  is  formed.  The  whole  fluid  is  treated 
in  the  same  manner  as  the  sample. 

1.  The  precipitate  is  white.  Absence  of  iron,  cobalt, 
nickel.  The  analyst  has  to  test  for  all  the  other  metals  and 
compounds  enumerated  at  a,  since  faint  tints  of  sulphuret  of 
manganese  and  oxide  of  chromium  are  obscured  entirely  in  a 
large  bulk  of  white  precipitate.  The  fluid  is  filtered  off  from  the 
precipitate — (the  filtrate  being  kept  for  subsequent  examination, 
according  to  the  directions  of  § 122) — and  the  latter  is  then 
washed  and  subsequently  dissolved  in  hydrochloric  acid.*  The 

* If  the  precipitate  is  inconsiderable,  this  may  be  effected  best  by  forcing  it 
to  the  lower  part  of  the  filter,  by  means  of  a syringe  bottle,  allowing  the  water 
to  run  off,  and  adding  hydrochloric  acid  drop  by  drop. 
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solution  is  boiled,  until  the  odor  of  sulphuretted  hydrogen  has 
totally  disappeared ; the  fluid  is  then  filtered,  and  an  excess  of 
solution  of  potass  added  drop  by  drop. 

a.  The  precipitate  which  forms  at  first  upon 

THE  ADDITION  OF  THE  POTASS,  REDISSOLVES  COMPLETELY 

in  an  excess  of  the  precipitant.  Absence  of  the 
phosphates  and  oxalates  of  the  alkaline  earths,  and  of  man- 
ganese. Presence  of  alumina  or  oxide  of  zinc,  (and  per- 
haps also  of  oxide  of  chromium  which,  if  present  to  any 
perceptible  amount,  will  impart  a green  appearance  to  the 
potass  solution.)  The  solution  is  divided  into  two  parts, 
and  one  portion  is  acidified  with  hydrochloric  acid,  am- 
monia in  excess  added,  and  the  fluid  heated  for  a short 
time. 

a.  No  permanent  precipitate  is  formed.  Absence  of 
alumina  and  of  oxide  of  chromium.  Solution  of  sulphur- 
etted hydrogen  is  added  to  the  other  portion  of  the  potass 
solution.  The  formation  of  a white  precipitate  indicates 

ZINC. 

/3.  A permanent  precipitate  is  formed.  The  precipitate 
is  filtered  off,  and  should  a green  coloration  of  the  potass 
solution,  or  a green,  yellow,  or  red  tint  of  the  original  solu- 
tion lead  the  analyst  to  suspect  the  presence  of  oxide  of 
chromium,  a small  portion  of  it  is  tested  for  this  substance, 
with  phosphate  of  soda  and  ammonia,  (§  88.  b.  6.)#  Solu- 
tion of  sulphuretted  hydrogen  is  added  to  the  filtrate. 
The  formation  of  a white  precipitate  indicates  zinc.  The 
process  of  testing  for  alumina  proceeds  now  as  follows  : 


* For  even  though  chromic  acid  be  present,  a precipitate  of  oxide  of  chro- 
mium will  be  produced  by  hydrosulphuret  of  ammonia,  the  sulphuretted 
hydrogen  reducing  the  acid  to  the  oxide.  In  such  cases,  the  yellow  or  red 
color  of  the  solution  changes  to  green  upon  the  addition  of  the  sulphuretted 
hydrogen,  and  this  change  of  color  is  attended  with  separation  of  sulphur. 

Q 9 
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aa.  No  oxide  of  chromium  lias  been  detected.  This 
is  in  itself  sufficient  to  prove  the  presence  of  alumina. 
The  blow-pipe  examination  of  the  precipitate  produced 
by  ammonia  will  lead  to  a positive  conviction  on  this 
point.  (Vide  § 88.  a.  5.) 

bb.  Oxide  of  chromium  has  been  detected.  In  this 
case,  the  second  portion  of  the  potass  solution  is  boiled, 
until  the  oxide  of  chromium  has  completely  precipitated  ; 
the  fluid  is  then  slightly  diluted,  and  filtered  off  from  the 
precipitated  oxide  of  chromium  : the  filtrate  is  acidified 
with  hydrochloric  acid,  and  ammonia  in  excess  added- 
The  formation  of  a precipitate  indicates  alumina.  The 
blow-pipe  is  resorted  to  as  a conclusive  test.  Should 
ebullition  fail  to  effect  the  separation  of  the  oxide  of 
chromium  from  the  potass  solution,  as  may  happen  under 
certain  circumstances,  the  precipitate  produced  by  am- 
monia is  to  be  fused  with  nitrate  of  potass  and  some 
carbonate  of  soda,  to  remove  the  chromium.  (Vide 
§ 88.  b.  5.)  “ The  alumina  may  have  been  present  as  a 

phosphate,  and  may  have  been  precipitated  as  such. 
For  the  manner  of  deciding  this,  I refer  to  § J 13.  1.” 
b.  The  excess  of  the  potass  fails  to  re-dissolve  tiie 
whole  of  the  precipitate.  The  solution  is  filtered  off, 
and  the  filtrate  subsequently  treated,  according  to  the  di- 
rections of  ^ 121.  1.  a.  The  residual  precipitate  may  consist 
of  manganese,  and  “ of  the  phosphates  and  oxalates  of 
the  alkaline  earths.  If  the  precipitate  acquires  a brown 
color  when  exposed  to  the  air,  this  indicates  the  presence  of 
manganese.  The  test  with  carbonate  of  soda  before  the 
blow-pipe  is  resorted  to  as  a conclusive  proof.  (§  89.  b.  6.) 
Should  manganese  be  present,  the  precipitate  is  to  be  dis- 
solved in  hvdrochloric  acid  ; some  tartaric  acid  is  added  to 

V 

the  solution,- and  subsequently  ammonia  in  excess.  If  no 
precipitation  ensues,  this  proves  the  absence  of  the  phosphates 
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and  oxalates  of  the  alkaline  earths  ; the  formation  of  a pre- 
cipitate indicates  the  presence  of  these  compounds.  This 
precipitate  (or,  in  case  no  manganese  was  present,  the  residue 
which  potass  has  failed  to  dissolve)  is  washed  and  subjected 
to  the  following  preliminary  examination,  in  order  to  ascer- 
tain whether  it  consists  exclusively  of  phosphates  of  the  alka- 
line earths,  or  of  oxalates  of  the  alkaline  earths  alone,  or 
finally,  whether  it  is  a mixture  of  both.  The  precipitate 
is  dried,  ignited  in  a small  dish,  allowed  to  cool,  some  water 
poured  over  it,  and  hydrochloric  acid  added  in  excess. 

a.  It  dissolves  without  effervescence : absence  of  oxa- 
lates. Presence  of  a phosphated  alkaline  earth.  The 
solution  is  treated  according  to  the  directions  of§  1 13.  2.  a., 
to  demonstrate  the  presence  of  the  phosphoric  acid  and 
discover  the  bases  combined  with  it. 

(3.  It  dissolves  ivith  effervescence : presence  of  an  ox- 
alated  alkaline  earth.  The  solution  is  boiled  to  expel 
the  carbonic  acid,  and  ammonia  is  subsequently  added  in 
excess. 

aa . No  precipitate  is  formed.  Absence  of  phos- 
phates : exclusive  presence  of  an  oxalated  alkaline 
earth.  The  solution  is  treated  according  to  the  direc- 
tions of  §122;  to  discover  with  which  of  the  alkaline 
earths  the  oxalic  acid  was  originally  combined  in  the 
analysed  compound. 

bb.  A precipitate  is  formed:  joint  presence  of  a 
phosphate  and  oxalate.  The  fluid  is  filtered  off  from 
the  precipitate,  and  the  filtrate  is  subsequently  tested  as 
in  aa,  for  the  bases  with  which  the  oxalic  acid  was 
originally  combined.  The  precipitate  is  washed,  and 
subsequently  treated  according  to  the  instructions  of 
§ 113.  2.  a .,  to  demonstrate  the  presence  of  the  phos- 
phoric acid  and  discover  the  bases  combined  with  it. 

2.  The  precipitate  produced  by  hydrosulphuret  of 
ammonia  is  not  white  ; this  indicates  chromium,  manganese, 
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iron,  cobalt,  or  nickel.  If  the  precipitate  is  black  or  inclining  to 
black,  this  is  a positive  proof  of  the  presence  of  one  ol  the  three 
latter  metals.  However  this  may  be,  the  analyst  has  at  all  events 
to  look  for  the  whole  of  the  metals  and  compounds  enumerated  at 
§ 121.  a.  The  fluid  is  filtered  oft’  from  the  precipitate,  and  the 
filtrate  is  kept  for  further  examination  according  to  the  instruc- 
tions of  § 122.  The  precipitate  is  thoroughly  washed  with  water 
containing  some  hydrosulphuret  of  ammonia  in  admixture,  and 
subsequently  treated  on  the  filter  with  dilute  hydrochloric  acid 
(one  part  of  hydrochloric  acid  to  five  parts  of  water). 

If  the  dilute  hydrochloric  acid  fails  to  dissolve  the  whole  of  the 
precipitate  and  leaves  a black  residue,  this  indicates  the  presence 
of  cobalt  or  nickel.  If,  on  the  other  hand,  the  precipitate  dissolves 
completely  in  the  dilute  acid,  this  may  be  considered  pretty  con- 
clusive of  the  absence  of  these  two  metals.  Should  the  former  be 
the  case,  a small  sample  of  the  undissolved  residue  is  to  be  tested 
for  cobalt  with  borax,  before  the  blow-pipe,  (§  89.  d.  8.)  ; — a hole 
is  then  pushed  through  the  bottom  of  the  filter,  and  the  residue  is 
rinsed  into  the  solution,  by  means  of  a syringe  bottle. 

No  matter  whether  the  precipitate  has  completely  dissolved  in 
the  hydrochloric  acid  or  not,  some  nitric  acid  is  now  added  to  the 
fluid,  and  the  mixture  is  then  heated  to  boiling.  This  serves  to 
effect  the  solution  of  the  sulphurets  of  cobalt  and  nickel  on  the 
one  hand,  and  the  conversion  of  the  protoxide*  of  iron  into  per- 
oxide on  the  other. 

In  cases  where  water  failed  to  dissolve  the  original  substance, 
or  at  least  the  whole  of  it,  and  in  fact  in  all  cases  whenever  the  solu- 
tion is  acid,  it  is  necessary,  in  the  first  place,  to  ascertain  whether 
phosphates  or  oxalates  of  the  alkaline  earths  are  present  or 
not. 

* Although  the  iron  may  have  been  present  in  the  original  solution,  in  the 
form  of  peroxide,  yet  the  sulphuret  of  iron  which  precipitates  upon  the  ad- 
dition of  sulphuretted  hydrogen  or  hydrosulphuret  of  ammonia,  corresponds 
invariably  to  the  protoxide,  since  these  reagents  reduce  the  peroxide  of  iron. 
(§  89-/.  3-  and  4.) 
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For  this  purpose  a small  sample  of  the  acid  solution  is  nearly 
(hut  not  altogether)  neutralized  with  ammonia,  and  is  then  mixed 
with  one  drop  of  perch loride  of  iron,  one  drop  of  chloride  of  cal- 
cium, and  an  excess  of  acetate  of  potass.  The  non-formation  of 
a precipitate  demonstrates  the  absence  of  phosphates  and  oxalates 
of  the  alkaline  earths ; the  formation  of  a precipitate  indicates  the 
presence  of  these  substances,  and  the  analyst  has  to  shape  his 
course  accordingly. 

Before  proceding  further,  the  analyst  should  recollect  whether 
the  original  solution  was  colorless  or  colored,  since,  if  the  former 
was  the  case,  the  absence  of  chromium  may  be  considered  suffi- 
ciently proved,  whilst,  if  the  original  solution  was  colored  (green, 
yellow,  red,  &c.)  the  presence  of  chromium  must  be  had  regard  to 
in  the  subsequent  analytical  process. 

a.  Phosphates  and  oxalates  of  the  alkaline  earths 
are  not  present.  The  solution  is  mixed  with  caustic  potass 
in  excess,  and  the  mixture  is  boiled  for  some  time,  subsequently 
diluted  with  water,  and  filtered.  The  filtrate  is  divided  into 
two  portions,  and  sulphuretted  hydrogen  water  added  to  the 
one,  whilst  the  other  is  acidified  with  hydrochloric  acid,  and 
subsequently  mixed  with  ammonia.  If  the  sulphuretted  hy- 
drogen produce  a precipitate  in  the  first  portion,  zinc  is 
present,  whilst  the  formation  of  a white  flocculent  precipitate 
in  the  other  portion  indicates  the  presence  of  alumina. 
“ Whether  this  substance  is  combined  with  phosphoric  acid 
or  not,  is  subsequently  ascertained  in  the  manner  described 
at  § 113.  1.” 

The  precipitate  produced  by  the  potass  is  washed,  and 
subsequently  treated  as  follows  :* 

a.  The  original  solution  was  colorless , and  there  is 


* Should  the  amount  of  iron  present  be  very  considerable,  which  might 
tend  to  obscure  the  distinctness  of  the  reactions,  the  course  described  at 
§ 121.  2.  5.  )8.  may  be  substituted  for  that  described  here  sub.  a.  a.  and  P.> 
although  the  latter  is  the  more  simple  of  the  two 
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accordingly  ?io  reason  to  suspect  the  presence  of  chro- 
mium. 

aa.  A portion  of  the  precipitate  is  tested  for  manga- 
nese, with  carbonate  of  soda,  in  the  outer  blow-pipe 
flame.  (§  89.  h.  6.) 

lb.  Should  cobalt  not  yet  have  been  detected  (see 
above,  § 121.  2.  at  the  commencement),  a second  sam- 
ple of  the  precipitate  is  to  be  tested  for  cobalt,  with 
borax  in  the  inner  blow-pipe  flame.  (§  89.  d.  8.) 

cc.  The  rest  of  the  precipitate  is  dissolved  in  hydro- 
chloric acid,  and  a portion  of  the  solution  is  subse- 
quently tested  for  iron,  with  ferrocyanide  of  potassium, 
acetate  of  potass  having  been  added  previously.  To 
decide  whether  the  detected  iron  wras  originally  present 
in  the  form  of  peroxide  or  of  protoxide,  the  original 
solution  in  water  or  in  hydrochloric  acid  (but  not  in 
nitric  acid)  is  to  be  tested  with  ferro  and  ferricyanide  of 
potassium  (§  89.  e.  7.  and  § 89./!  6.) 

dd.  The  rest  of  the  hydrochloric  solution  of  cc.  is 
mixed  with  a few  more  drops  of  hydrochloric  acid  (if  it 
does  not  contain  already  a large  proportion  of  free 
acid).  Cyanide  of  potassium  is  then  added  in  excess, 
the  mixture  is  boiled  for  some  time,  filtered,  if  neces- 
sary, and  mixed  with  dilute  sulphuric  acid.  If  a light 
greenish  precipitate  forms,  either  immediately  or  after 
the  lapse  of  some  time,  this  is  a proof  of  the  presence 
of  nickel  (§  89.  recapitulation  and  remarks.) 

/ 3 . The  original  solution  was  colored , and  there  is  ac- 
cordingly reason  to  suspect  the  presence  of  chromium. 

The  precipitate  is  triturated  with  one  part  of  carbonate 
of  soda  and  three  parts  of  nitrate  of  potass,  and  the  mix- 
ture is  subsequently  fused  in  a porcelain  crucible ; the 
fused  mass  is  then  poured  upon  a broken  piece  of  por- 
celain— (to  preserve  the  crucible) — and,  when  cold,  re- 
introduced into  the  same  crucible,  and  boiled  with  water, 
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the  solution  being  subsequently  filtered  off  from  the  un- 
dissolved  residue. 

The  residue  is  washed  with  water,  and  tested  for 
manganese,  cobalt,  iron,  and  nickel,  as  directed  at 
§ 121.  2.  a.  a.  The  filtrate,  which  will  appear  yellow  if 
chromium  be  really  present,  is  acidified  with  acetic  acid, 
and  acetate  of  lead  added.  The  formation  of  a precipitate 
of  chromate  of  lead  is  a positive  proof  of  the  presence  of 

CHROMIUM. 

b.  Phosphates  or  oxalates  of  the  alkaline  earths 

ARE  PRESENT. 

a.  A small  portion  of  the  solution  is  poured  into  a test- 
cylinder,  and  some  finely-levigated  peroxide  of  manga- 
nese* added,  and  subsequently  a few  drops  of  concentrated 
sulphuric  acid.  Ensuing  effervescence  of  carbonic  acid 
indicates  the  presence  of  oxalic  acid.  The  best  way  of 
setting  all  doubt  at  rest  on  this  point  is,  to  heat  the  mix- 
ture gently,  whilst  the  cylinder  is  kept  loosely  stopped 
with  the  thumb.  When  the  evolution  of  gas  has  proceeded 
for  some  time,  the  carbonic  acid  gas  accumulated  in  the 
cylinder  is  poured  into  another  cylinder  containing  some 
lime-water ; this  is  effected  by  gently  inclining  the  test- 
tube,  so  that  the  gas  alone  flows  out ; the  lime-water  and 
carbonic  acid  in  the  other  tube  are  then  mixed  by  shaking 
the  tube.  The  formation  of  a precipitate  (carbonate  of 
lime)  is  a positive  proof  of  the  presence  of  an  oxalate. 
aa  No  oxalic  acid  lias  been  found.  Presence  of 
phosphoric  acid.  A second  portion  of  the  hydro- 
chloric solution  is  mixed  with  ammonia  until  the  greater 
part  of  the  free  acid  is  neutralized ; a drop  of  perchlo- 
ride  of  iron  is  then  added,  and  subsequently  acetate  of 

* The  peroxide  of  manganese  must  be  perfectly  free  from  admixture  of 
carbonates  of  the  alkaline  earths,  and  is  consequently,  if  necessary,  first  to 
be  freed  from  such  admixture,  by  washing  with  dilute  nitric  acid. 
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potass  in  excess.  The  formation  of  a precipitate  con- 
iirms  the  presence  of  phosphoric  acid.  Some  more  per- 
chloride  of  iron  is  then  added  until  the  fluid  appears 
red ; the  fluid  is  then  boiled  for  some  time,  and 
subsequently  filtered.  The  filtrate  is  supersaturated 
with  ammonia,  hydrosulphuret  of  ammonia  added,  the 
mixture  filtered,  and  the  filtrate  finally  examined  ac- 
cording to  the  instructions  of  § 1 22  and  123,  to  ascer- 
tain which  of  the  alkaline  earths  were  originally  com- 
bined with  the  phosphoric  acid  in  the  analysed  sub- 
stance. 

/3/3.  Oxalic  acid  has  been  found.  A portion  of  the 
hydrochloric  solution  is  boiled  for  some  time  with 
finely  levigated  peroxide  of  manganese ; this  effects  the 
decomposition  of  the  oxalic  acid.  The  fluid  is  then 
filtered,  and  the  filtrate  tested  as  in  aa.  Phosphoric 
acid  and  the  alkaline  earths  combined  with  this  and 
the  oxalic  acid. 

/3.  The  rest  of  the  hydrochloric  solution  is  mixed  with 
potass  in  excess,  the  mixture  boiled  for  some  time,  and 
subsequently  diluted  with  water ; the  fluid  is  then  filtered 
off  from  the  precipitate  formed,  and  the  filtrate  tested 
for  zinc  and  alumina,  in  the  manner  described  at 
§ 12 1 . 2.  a. 

The  precipitate  is  dissolved  in  hydrochloric  acid — 
(either  directly,  or  after  previous  fusion  with  carbonate  of 
soda  and  nitrate  of  potass  to  detect  and  separate  the 
chromium  ; compare  § 121.  2.  a.  a.  and  /3.) — and  the 
solution  is  then  nearly  evaporated  to  dryness ; the  residue 
is  dissolved  in  water,  and  an  excess  of  precipitated  car- 
bonate of  lime  (§  35.)  added  to  the  solution;  the  mixture 
is  shaken  for  some  time,  without  applying  heat,  and  the 
fluid  is  then  filtered  off  from  the  precipitate,  which  contains 
the  phosphates  and  oxalates  of  the  alkaline  earths  and 

IRON. 
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The  latter  metal  is  now  tested  for  by  dissolving  the 
precipitate  in  hydrochloric  acid,  dilating  the  solution 
considerably,  and  adding  ferrocyanide  of  potassium. 
Whether  the  iron  was  originally  present  in  the  analysed 
substance,  in  the  form  of  peroxide,  or  in  that  of  pro- 
toxide, is  finally  ascertained  in  the  same  manner  as 
described  at  § 121.  2.  a.  a.  cc. 

The filtrate  is  mixed  with  hydrosulpliuret  of  ammonia. 

aa.  No  precipitate  is  formed.  Absence  of  nickel, 
cobalt,  and  manganese. 

(3/3.  A flesh- colored  precipitate  is  formed . Absence 
of  nickel  and  cobalt ; presence  of  manganese.  The 
blow-pipe  is  resorted  to  as  a conclusive  test.  (§  89.  b.  6.) 

yy.  A black  precipitate  is  formed.  The  precipitate 
is  washed,  and  a small  portion  of  it  is  subsequently 
tested  for  manganese,  with  carbonate  of  soda  in  the  outer 
blow-pipe  flame  ; another  portion  is  tested  for  cobalt,* 
with  borax,  in  the  inner  blow-pipe  flame,  and  the  rest  is 
dissolved  in  aqua  regia,  and  the  solution  tested  for 
nickel,  by  the  method  described  at  § 121.  2.  a.  a.  dd. 

§ 122. 

A PORTION  OF  THE  FLUID  IN  WHICH  HYDROSULPHURET  OF  AM- 
MONIA HAS  FAILED  TO  PRODUCE  A PRECIPITATE,  OR  OF  THE 
FLUID  FILTERED  OFF  FROM  THE  PRECIPITATED  SULPHURETS,  IS 
MIXED  WITH  PHOSPHATE  OF  SODA,  AND  AMMONIA  ADDED  (SHOULD 
THE  FLUID  NOT  ALREADY  CONTAIN  FREE  AMMONIA).  THE  MIX- 
TURE IS  VIGOROUSLY  SHAKEN. 

a.  No  precipitate  is  formed:  absence  of  the  alkaline 
earths.  Another  sample  of  the  fluid  is  evaporated  to  dry- 
ness, and  the  residue  ignited ; should  it  volatilize  com- 

* In  cases  where  the  blow-pipe  test  has  demonstrated  the  presence  of 
manganese,  it  is  advisable,  ere  testing  for  cobalt,  to  remove  the  sulphuret 
of  manganese  by  washing  with  acetic  acid,  since  the  presence  of  manganese 
tends  to  impair  the  distinctness  of  the  cobalt  reaction. 
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pletely,  neither  potass  nor  soda  are  present : pass  over  to 
§ 125.  Should  a residue  remain,  the  rest  of  the  fluid 
is  to  he  evaporated  to  dryness,  and  the  residue  subsequently 
ignited,  and  treated  according  to  the  directions  of  § 124. 
b.  A precipitate  is  formed. 

The  remainder  of  the  fluid  is  mixed  with  sal  ammoniac, 
(should  this  salt  not  be  present  already,)  and  a mixture  of 
carbonate  of  ammonia  with  some  caustic  ammonia  added  ; 
the  whole  mixture  is  then  gently  heated  for  some  time  (but 
not  to  ebullition). 

1.  No  precipitate  is  formed.  Pass  over  to  § 123,  for  neither 
lime,  barytes,  nor  strontia  are  present. 

2.  A precipitate  is  formed.  Presence  of  lime,  barytes,  or 
strontia.  The  fluid  is  filtered  off  from  the  precipitate,  and  the 
filtrate  kept  for  further  examination,  according  to  the  directions 
of  § 123.  The  precipitate  is  dissolved  in  the  least  possible 
amount  of  highly  dilute  hydrochloric  acid,  and  the  solution 
treated  as  follows : 

a.  Solution  of  gypsum  is  added  to  a portion  of  it. 

a.  No  precipitate  is  formed , not  even  after  the 
lapse  of  a considerable  time.  Pass  over  to  § 122.  2.  b ., 
for  neither  barytes  nor  strontia  are  present. 

/3.  A precipitate  is  formed. 

cici.  It  is  formed  immediately  upon  the  addition  of 
the  solution  of  gypsum  : this  indicates  barytes.  Be- 
sides this  substance,  strontia  and  lime  may  be  present. 

A portion  of  the  hydrochloric  solution  of  the  precipi- 
tate, produced  by  carbonate  of  ammonia,  is  evaporated 
to  dryness,  and  the  residue  digested  with  absolute,  or, 
at  all  events,  very  strong  alcohol ; the  solution  is  fil- 
tered, and  a few  drops  of  the  filtrate  are  evaporated 
upon  a platinum  plate. 

act.  No  residue  remains:  pass  over  to  § 123;  for 
neither  strontia  nor  lime  are  present. 
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(3(3.  A residue  remains.  The  alcoholic  solution  is 
divided  into  two  portions,  of  which  the  one  is  heated 
in  a small  crucible  and  kindled  : a carmine-red  tint 
of  the  flame  indicates  strontia.  Should  the  flame 
not  appear  red,  or  should  any  doubt  exist  on  this 
point,  the  second  portion  of  the  alcoholic  solution  is 
to  be  evaporated  to  dryness,  the  residue  subsequently 
dissolved  in  a small  quantity  of  water,  and  the  solu- 
tion finally  tested  with  solution  of  gypsum.  The 
formation  of  a precipitate,  after  the  lapse  of  some 
time,  indicates  strontia. 

The  presence  of  barytes  may  be  positively  demon- 
strated by  adding  hydrofluosilicic  acid  to  the  hydro- 
chloric solution,  and  applying  heat.  The  formation  of 
a crystalline  precipitate  after  the  lapse  of  some  time, 
proves  the  presence  of  barytes.  (§  87.  a.  6.) 
bb.  The  precipitate  forms  only  after  the  lapse  of  some 
time : absence  of  barytes  : presence  of  strontia. 
b.  A fresh  portion  of  the  hydrochloric  solution  of  the  pre- 
cipitate produced  by  carbonate  of  ammonia,  is  made  alkaline 
by  addition  of  ammonia,  and  subsequently  tested  for  lime, 
with  oxalic  acid.  Should  the  preceding  examination  (§  122. 
2.  a.  (3.)  have  revealed  the  presence  of  barytes  or  strontia, 
these  earths  must  first  be  removed  from  the  hydrochloric 
solution  before  the  latter  can  be  tested  for  lime;  for  this 
purpose  sulphate  of  potass  or  dilute  sulphuric  acid  are  added 
to  the  hydrochloric  solution,  and  the  fluid  is  then  filtered  off 
from  the  precipitate  formed ; the  filtrate  is  made  alkaline  with 
ammonia,  and  oxalic  acid  is  then  finally  added.  The  forma- 
tion of  a precipitate  demonstrates  th  e presence  of  lime. 

h 123. 

Take  two  small  portions  of  the  fluid  in  which  car- 
bonate OF  AMMONIA  HAS  FAILED  TO  PRODUCE  A PRECIPITATE, 
OR  OF  THAT  WHICH  HAS  BEEN  FILTERED  OFF  FROM  THE  PRECIPI- 
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TATE  FORMED,  (§  121.  1.)  AND  ADD  SOME  SULPHATE  OF  POTASS 
OR  DILUTE  SULPHURIC  ACID  TO  THE  ONE,  AND  OXALATE  OF 
AMMONIA  TO  THE  OTHER. 

1.  Both  these  reagents  fail  to  produce  any  further 
precipitate.  This  is  a positive  proof  that  the  barytes,  strontia 
and  lime,  have  been  completely  precipitated  by  the  carbonate  of 
ammonia.  Phosphate  of  soda  is  added  to  a third  portion  of  the 
fluid,  (§  122.  1.)  and  the  mixture  stirred  with  a glass  rod.  The 
formation  of  a crystalline  precipitate,  (compare  § 87.  d.  7.)  de- 
monstrates the  presence  of  magnesia.  No  matter  whether 
magnesia  has  been  detected  or  not,  the  rest  of  the  fluid  (§  122.  1.) 
is  evaporated  to  dryness,  and  the  residue  heated  till  all  the  am- 
moniacal  salts  are  completely  expelled.  Should  no  residue  re- 
main, pass  over  to  § 125  ; if  a residue  remains,  pass  over  to 
% 124. 

2.  Both  or  one  of  the  reagents  produce  still  a pre- 
cipitate. In  that  case  the  carbonate  of  ammonia  has  not  yet 
completely  removed  the  wdiole  of  the  barytes,  strontia,  and  lime. 
This  reagent,  mixed  with  caustic  ammonia,  is  therefore  once  more 
added  to  the  rest  of  the  fluid,  and  the  mixture  again  heated  for 
some  time.  The  precipitate  which  forms  upon  this  is  filtered 
off,  and  the  filtrate  subsequently  treated  as  at  1 . 


We  come  now  to  the  examination  for  fixed  alkalies  and  for 
ammonia. 

The  compounds  of  the  former  are,  with  very  few  exceptions, 
soluble  in  water.  Substances  insoluble  in  water  need  therefore 
usually  not  be  tested  for  the  fixed  alkalies. 

In  the  case  of  substances  insoluble  in  water,  hut  soluble  in 
hydrochloric  acid,  or  in  nitric  acid,  a portion  of  the  fluid  in  the 
sample  of  which  phosphate  of  soda  failed  to  produce  a precipitate, 
(§  122.  a.) — or  of  that  in  which  carbonate  of  ammonia  has  pro- 
duced none,  (§  122.  b.  1.) — or  of  that  which  lias  been  filtered  off 
7 
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from  tlie  precipitate  formed  (§  122.  b.  2.)  should  be  kept  for 
examination  for  phosphoric  acid  and  oxalic  acid.  (See  § 128.  8.) 

The  presence  of  magnesia  renders  certain  modifications  neces- 
sary in  the  method  of  examining  for  potass  and  soda ; we  have 
therefore  to  distinguish  two  cases,  viz. 

1.  Magnesia  is  not  present.  The  ignited  residue  (§  122.  a. 
or  § 123.  1.)  is  dissolved  in  a small  quantity  of  water,  alcohol 
added  to  the  solution,  and  the  alcoholic  mixture  heated  to  boiling, 
and  kindled. 

a . The  flame  is  violet.  Absence  of  soda ; probable 
presence  of  potass. 

b.  The  flame  is  yellow  ; presence  of  soda.  The  solu- 
tion is  evaporated  to  dryness,  and  the  blow-pipe  and  test 
with  antimoniate  of  potass  are  resorted  to  as  conclusive 
proofs  of  the  presence  of  soda.  (Vide  § 86.  b.)  To  de- 
monstrate the  presence  of  potass,  the  residue  is  dissolved  in 
water,  or,  better  still,  in  alcohol,  if  practicable,  and  one  half 
of  the  solution  mixed  with  tartaric  acid,  and  the  other  half 
with  bichloride  of  platinum.  Should  potass  be  present,  the 
tartaric  acid,  will  after  the  lapse  of  some  time,  produce  a 
colorless,  granular,  crystalline  precipitate,  and  the  bichloride 
of  platinum  will  produce  a yellow  precipitate.  (Vide  § 86.  a .) 

2.  Magnesia  is  present.  The  ignited  residue  of  § 123.  1.  is 
dissolved  in  water,  and  water  of  barytes,  or  solution  of  sulphuret 
of  barium  (containing  an  admixture  of  caustic  barytes)  added,  as 
long  as  a precipitate  continues  to  form.  The  fluid  is  then  boiled 
with  the  precipitate,  subsequently  filtered  off  from  the  latter,  and 
an  excess  of  a mixture  of  carbonate  of  ammonia  with  some  caustic 
ammonia  added  to  the  filtrate.  A gentle  heat  is  then  applied,  and 
continued  for  some  time  ; the  solution  is  afterwards  filtered,  the 
filtrate  evaporated  to  dryness,  and  the  residue  ignited,  to  remove  the 
ammoniacal  salts.  The  ignited  residue  is  finally  treated  as  at  1. 

§ 125. 

We  come  now,  finally,  to  the  examination  for  ammonia.  A 
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portion  of  the  substance,  or  fluid,  under  examination,  is  treated 
with  concentrated  solution  of  potass,  and  heat  applied.  The  am- 
moniacal  odor  of  the  evolved  gas,  and  its  property  of  restoring 
the  blue  color  of  reddened  litmus  paper,  and  forming  white  fumes 
with  hydrochloric  acid,  demonstrate  the  presence  of  ammonia. 
Potass  ley  often  emits  some  ammoniacal  fumes  upon  ebulli- 
tion, and  may  thus  lead  to  mistakes.  It  may  be  advisable,  there- 
fore, in  some  cases,  to  substitute  trituration  with  an  excess  of 
hydrated  lime  and  some  water,  for  ebullition,  with  potass  ley. 

Compounds  in  which  all  the  more  frequently  occurring  acids  and 
bases , metals  and  metalloids,  are  supposed  to  be  present. 

A.  I.  Substances  soluble  in  water.  Detection  of  the 

ACIDS  AND  METALLOIDS. 

I.  In  the  absence  of  Organic  Acids. 

§ 12G. 

1.  For  the  detection  of  arsenious  and  arsenic  acid,  car- 
mbonic  acid,  hydrosulphuric  acid,  and  chromic  acid,  com- 
pare § 111.  1 . and  2. 

2.  A portion  of  the  solution  is  mixed  with  nitrate  of  barytes, 
and  neutralized  with  ammonia,  should  this  be  required. 

a.  No  precipitate  is  formed.  Absence  of  sulphuric 
acid,  phosphoric  acid,  boracic  acid,  chromic  acid,  silicic  acid, 
oxalic  acid,  arsenious  and  arsenic  acid.#  Pass  over  to  3. 

b.  A precipitate  is  formed.  The  fluid  is  diluted,  and 
hydrochloric  acid  added;  if  the  precipitate  does  not  redis- 
solve, or  at  least  not  completely,  sulphuric  acid  is  pre- 
sent. 

* Should  an  ammoniacal  salt  be  present  in  the  fluid  under  examination, 
the  non-formation  of  a precipitate  cannot  be  considered  a conclusive  proof  of 
the  absence  of  oxalic  acid,  arsenious  and  arsenic  acid,  and  more  particularly 
not  of  that  of  boracic  acid,  since  the  barytes  salts  of  these  acids  are  not 
insoluble  in  water,  in  presence  of  ammoniacal  salts. 
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3.  Nitrate  of  silver  is  added  to  a portion  of  the  solution,  this 
is  previously  to  be  exactly  neutralized,  if  acid,  by  means  of 
ammonia,  and  if  alkaline,  by  means  of  nitric  acid.* 

a.  No  precipitate  is  formed.  Pass  over  to  4 ; neither 
chlorine,  iodine,  cyanogen,  phosphoric  acid,  silicic  acid, 
oxalic  acid,  nor  chromic  acid  are  present ; nor  boracic  acid,  if 
the  solution  was  not  too  dilute. 

b.  A precipitate  is  formed.  The  color  of  the  precipi- 
tate is  inspected,  and  the  latter  is  treated  with  nitric  acid. 

a.  The  precipitate  redissolves  completely . Pass  over  to 
4 ; for  neither  chlorine,  nor  iodine,  nor  cyanogen  are 
present. 

ft.  A residue  remains:  chlorine,  iodine,  and  cyanogen. 
The  residue  is  washed,  and  subsequently  digested  with  am- 
monia. 

cia.  A yellowish  residue  remains.  Iodine.  The  reac- 
tion with  starch  (vide  §101.  c.)  is  resorted  to  as  a conclu- 
sive proof  of  the  presence  of  this  element.  The  solution 
is  filtered  off  from  the  undissolved  residue,  and  nitric  acid 
in  excess  added  to  the  filtrate  ; if  a precipitate  is  formed, 
this  indicates  chlorine  or  cyanogen,  and  is  to  be  further 
examined,  as  directed  in  bb. 

bb.  No  residue  remains;  chlorine  or  cyanogen  ; 
absence  of  iodine.  The  ammonical  solution  is  again 
precipitated  with  nitric  acid.  Before  proceeding  further 
in  this  examination,  the  analyst  should  ascertain  whether 
cyanogen  is  present  or  not.  For  this  purpose  a portion 
of  the  original  solution  is  mixed  with  solution  of  ferroso- 
ferric  oxide  of  iron,  and  hydrochloric  acid  added.  The 
formation  of  a blue  precipitate  indicates  the  presence 


* This  operation  offers  no  difficulty  and  requires  but  little  time  for  its  per- 
formance, if  the  analyst  has  taken  care  to  dilute  the  nitric  acid  or  ammonia 
considerably. 
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of  cyanogen.*  But  if  no  precipitate  forms,  and  the 
fluid  does  not  acquire  a blue  tint,  shows  that  the  pre- 
cipitate redissolved  by  the  ammonia  consists  of  chlo- 
ride of  silver  alone,  and  there  is  no  necessity  for  fur- 
ther examination.  But  if  this  preliminary  examination 
has  revealed  the  presence  of  cyanogen,  the  precipitate 
produced  by  nitric  acid  in  the  ammoniacal  solution  is  to 
be  further  examined,  to  distinguish  between  the  chloride 
of  silver  and  cyanide  of  silver.  The  precipitate  is  ac- 
cordingly washed,  taken  from  the  filter  while  still  moist, 
dried  in  a porcelain  crucible,  and  ignited ; when  the 
chloride  of  silver  will  simply  fuse,  whilst  the  cyanide 
will  undergo  reduction,  attended  with  formation  of  some 
paracyanide  of  silver.  The  presence  of  chlorine  may 
now  be  readily  demonstrated,  by  placing  a fragment  of 
zinc  upon  the  residual  mass,  pouring  water  over  it  which 
contains  some  sulphuric  acid  in  admixture,  waiting  until 
the  evolution  of  hydrogen  ceases,  filtering,  diluting  the 
filtrate  with  water,  and  adding  solution  of  nitrate  of 
silver. 

4.  The  aqueous  solution  is  tested  for  nitric  acid,  by  mixing 
with  solution  of  indigo  until  the  fluid  acquires  a light  blue  tint, 
adding  some  sulphuric  acid,  and  applying  heat ; and  also  by  mix- 
ing the  solution  with  the  third  of  its  amount  of  concentrated  sul- 
phuric acid,  and  throwing  a crystal  of  protosulphate  of  iron  into 
the  mixture.  The  presence  of  nitric  acid  is  demonstrated,  in  the 
first  case,  by  the  decoloration  of  the  blue  solution,  and,  in  the 
second  case,  by  the  formation  of  a brown  zone  around  the  crystal. 
(§  102.  a .) 


* Should  the  cyanogen  be  present  as  free  hydrocyanic  acid,  which  may  be 
readily  recognized  by  its  characteristic  odor,  this  acid  is  to  be  saturated  with 
potash  before  adding  the  solution  of  ferroso-ferric  oxide.  That  nitrate  of 
silver  fails  to  detect  the  cyanogen  in  some  compounds,  (in  cyanide  of  mercury, 
for  instance,)  has  been  mentioned  already  at  § 101  d. 
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I have  now  still  to  speak  of  the  examinations  for  phosphoric 
acid,  boracic  acid,  silicic  acid,  oxalic  acid,  and  chromic  acid. 
Testing  for  these  acids  is  necessary  only  in  cases  where  both  chlo- 
ride of  barium  and  nitrate  of  silver  have  produced  precipitates  in 
neutral  solutions.  Compare  note  to  § 126.  2.  a. 

5.  If  the  precipitate  produced  by  nitrate  of  silver  be  of  a 
yellowish  color,  the  analyst  has  to  look  more  particularly  for  the 
presence  of  phosphoric  acid.  To  detect  this  acid,  ammonia  in 
excess  is  added  to  a portion  of  the  fluid : should  this  produce  a 
precipitate,  the  fluid  is  to  be  filtered  off,  and  chloride  of  ammonium 
added  to  the  filtrate,  and  subsequently  sulphate  of  magnesia.  The 
formation  of  a crystalline  precipitate  demonstrates  the  presence  of 
phosphoric  acid.  The  reaction  with  perchloride  of  iron  and 
acetate  of  potass,  which  I have  described  at  § 99.  a.  8,  may  like- 
wise be  had  recourse  to. 

6.  A small  portion  of  the  substance  under  examination  is 
drenched  with  alcohol,  sulphuric  acid  added,  and  the  mixture 
heated  to  boiling  in  a small  crucible  ; the  alcohol  is  then  finally 
kindled.  If  the  flame  presents  a green  tint,  boracic  acid  is  pre- 
sent. Should  copper  be  present,  this  must  be  removed  first  either 
by  means  of  sulphuretted  hydrogen,  or  by  boiling  the  fluid  with 
an  excess  of  potass.* 

7.  If  the  fluid  become  red,  or  yellow  changing  to  red,  upon  the  ad- 
dition of  hydrochloric  acid,  and  if  the  precipitate  produced  by 
nitrate  of  silver  in  the  neutral  solution  has  a purple  red  color,  the 
presence  of  chromic  acid  is  confirmed. 

8.  For  silicic  acid  test  as  § 100.  b.  2.  directs. 

9.  To  effect  the  detection  of  oxalic  acid,  solution  of  gypsum 
is  added  to  a portion  of  the  fluid  under  examination,  which,  should 
it  manifest  acid  reaction,  is  to  be  neutralized  with  ammonia. 
The  formation  of  a white  precipitate,  which  addition  of  acetic  acid 
fails  to  redissolve,  demonstrates  the  presence  of  oxalic  acid. 

* Should  the  substance  which  it  is  intended  to  treat  for  boracic  acid  be  a 
fluid,  this  must  first  he  evaporated  to  dryness,  and  the  residue  subsequently 
operated  upon  with  alcohol  and  sulphuric  acid,  in  the  manner  described. 

T 2 
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Chlorates,  bromides,  and  fluorides,  are  of  less  frequent  oc- 
currence. The  presence  of  chlorates  is  indicated  already  by  tho 
violent  deflagration  which  ensues  upon  fusing  the  salt  under  exa- 
mination, in  conjunction  with  charcoal.  (Vide  § 107.  A.  I.  2.  c.) 
To  demonstrate  the  presence  of  chloric  acid,  a sample  of  the  solid 
salt  is  heated  in  a glass  tube  sealed  at  one  end,  and  a smoul- 
dering wood  splinter  approached  to  the  open  end;  when  the  actual 
presence  of  chloric  acid  will  be  confirmed  by  the  kindling  of 
the  splinter.  Nitrate  of  silver  will,  in  that  case,  produce  a copious 
precipitate  of  choride  of  silver,  in  the  aqueous  solution  of  the  re- 
sidue.  The  reaction  with  concentrated  sulphuric  acid,  (§  102.  b. 
8.)  or  fusion  with  cyanide  of  potassium,  (§  102.  b.  4)  may  likewise 
be  resorted  to.  The  detection  of  bromides  is  simple,  if  iodides 
are  not  present  at  the  same  time.  I refer  to  § 101  for  the  way  of 
effecting  the  positive  detection  of  bromine  in  either  case.  With 
regard  to  the  detection  of  fluorides,  the  methods  described  § 90, 
( I • 4 and  G,  are  the  most  efficient  under  all  circumstances. 

Compound s in  which  ail  the  more  frequently  occurring  acids  and 
bases,  metals  and  metalloids , are  supposed  to  be  present . 

A.  1.  Substances  soluble  in  water.  Detection  of  the 

acids  and  metalloids. 

II.  In  Presence  of  Organic  Acids. 

§ 127. 

1.  Chromic  acid,  arsenious  and  arsenic  acid,  have  already 
been  detected  in  the  course  of  testing  for  the  bases ; concerning 
the  distinction  of  arsenious  from  arsenic  acid,  compare  § 95.  ad- 
ditions and  remarks. 

2.  Hydrochloric  acid  is  added  to  a portion  of  the  solution.  The 
formation  of  a precipitate  which,  when  heated  subsequently  on  a 
platinum  plate,  volatilizes  partly  or  totally,  emitting  the  charac- 
teristic odor  of  benzoic  acid,  indicates  the  presence  of  this  acid. 
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Effervescence,  upon  the  addition  of  the  hydrochloric  acid,  may  be 
caused  by  the  presence  of  carbonic  acid,  or  by  that  of  sulphu- 
retted hydrogen.  (Vide  § 111.  2.) 

3.  Ammonia  is  added  to  a portion  of  the  solution,  until  the 
latter  acquires  a feebly  alkaline  reaction ; the  solution  is  then 
filtered,  if  necessary,  chloride  of  barium  added,  and  the  mixture 
heated  to  boiling. 

Should  hydrochloric  acid  have  produced  a precipitate  in 
the  original  solution,  the  filtrate  of  this  is  to  be  used  for  this 
experiment. 

a.  No  precipitate  is  formed.  Absence  of  sulphuric 
acid,  phosphoric  acid,  chromic  acid,  silicic  acid,  boracic  acid, 
arsenic  acid,  arsenious  acid,  oxalic  acid,  tartaric  acid,  citric 
acid ; these  acids  may,  therefore,  be  disregarded  in  the  sub- 
sequent course  of  examination.  The  remarks  made  in  the 
note  to  § 126.  2.  a.  apply  equally  to  the  last  six  of  these 
acids. 

b.  A precipitate  is  formed.  Dilute  hydrochloric  acid 
is  added. 

a.  The  'precipitate  redissolves : Absence  of  sulphuric 
acid. 

P.  A residue  remains : sulphuric  acid. 

4.  Nitrate  of  silver  is  added  to  a portion  of  the  solution,  which 
must  first  be  exactly  neutralized  with  nitric  acid,  if  alkaline,  and 
with  ammonia,  if  acid.  (Compare  note  on  page  273.) 

a.  No  precipitate  is  formed  : absence  of  phosphoric 
acid,  boracic  acid,  chromic  acid,  silicic  acid,  oxalic  acid,  tar- 
taric acid,  citric  acid ; these  may  therefore  be  disregarded  in 
the  further  course  of  examination. 

b.  A PRECIPITATE  IS  FORMED. 

a.  It  is  white  or  yellow.  A portion  of  the  fluid,  toge- 
ther with  the  precipitate  suspended  therein,  is  boiled. 
Speedy  and  complete  reduction  indicates  formic  acid. 
The  reaction  with  protonitrate  of  mercury  may  be  had  re- 
course to  as  a conclusive  test.  (§  105.  b.)  I have  to  refer, 
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however,  in  this  respect,  to  the  remark  which  will  he  found 
at  the  end  of  this  number,  (4.)  The  rest  of  the  precipitate 
is  treated  with  nitric  acid.  If  it  dissolves,  neither  ciilo- 
iune,  nor  iodine,  nor  cyanogen,  are  present ; hut  if  the 
nitric  acid  fails  to  effect  its  complete  solution,  the  un- 
dissolved residue  is  to  he  tested  for  these  salt  radicals  ac- 
cording to  the  directions  of  § 12G.  3.  b.  J3. 

ft.  The  precipitate  produced  by  nitrate  of  silver  is  purple 
red  : chromic  acid.  Should  arsenic  acid  he  present,  the 
reaction  with  acetate  of  lead  must  he  had  recourse  to  as 
a conclusive  test  for  chromic  acid  ; this  reagent  is  to  be 
added  to  a fresh  sample  of  the  solution : the  formation  of 
a yellow  precipitate  proves  the  presence  of  chromic  acid. 
Chlorine,  iodine,  and  cyanogen,  may  likewise  he  present 
in  the  silver  precipitate  : test  for  these  salt  radicals  as 
§ 12G.  3.  b.  directs. 

Should  chromic  acid  he  present  by  the  side  of  formic 
acid,  ensuing  reduction  of  oxide  of  silver  and  of  protox- 
ide of  mercury  is  not  absolutely  conclusive  of  the  presence  of 
the  latter  acid.  In  this  case,  the  positiveproof  of  the  presence 
of  formic  acid  can  he  obtained  only  by  the  following  method : 
The  solution  of  the  compound  under  examination  is  dis- 
tilled in  conjunction  with  some  sulphuric  acid.  The  dis- 
tillate is  saturated  with  soda,  and  subsequently  tested  with 
pcrchloride  of  iron  (which  formic  acid  tinges  blood  red) 
and  with  nitrate  of  silver.  (Vide  § 105.  b.) 

5.  Should  chloride  of  barium  and  nitrate  of  silver  have  pro- 
duced precipitates,  the  analyst  has  to  test  for  rnosPHORic  acid, 
according  to  the  direction  of  § 12G.  5,  and  for  silicic  acid  as 
directed  at  § 100.  b.  2. 

G.  A portion  of  the  solution  which,  should  its  reaction  be  acid, 
must  be  saturated  first  with  potass,  is  evaporated  to  dryness,  and 
the  residue  (or  a portion  of  the  original  dry  substance)  introduced 
into  a small  tube,  some  alcohol  poured  over  it,  and  concentrated 
sulphuric  acid  added,  to  the  extent  of  about  one-tliird  of  the 
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volume  of  the  alcohol ; the  mixture  is  then  heated  to  boiling. 
Emission  of  the  odour  of  acetic  ether  demonstrates  the  presence  of 
acetic  acid.  This  odor  becomes  in  many  instances  more  distinctly 
perceptible  on  agitating  the  mixture,  whilst  cooling  or  when  cold. 
The  contents  of  the  tube  are  poured  into  a small  crucible,  heated, 
and  kindled.  Green  coloration  of  the  flame  denotes  the  presence 
of  BORACIC  ACID. 

7.  A portion  of  the  fluid  is  made  feebly  alkaline  by  addition  of 
ammonia ; the  fluid  is  then  filtered,  if  necessary,  and  chloride  of 
calcium  added.  The  mixture  is  vigorously  shaken,  and  sub- 
sequently allowed  to  stand  at  rest  for  from  ten  to  twenty  minutes. 
If  the  solution  was  neutral,  the  addition  of  the  chloride  of  calcium 
is  to  he  preceded  by  that  of  some  sal-ammoniac. 

CI.  No  PRECIPITATE  IS  FORMED,  NOT  EVEN  AFTER  THE 
lapse  of  some  time.  Absence  of  oxalic  acid  and  tartaric 
acid ; pass  over  to  8. 

b.  A PRECIPITATE  IS  FORMED  IMMEDIATELY,  OR  AFTER 

the  lapse  of  some  time.  The  solution  is  filtered  off  from 
the  precipitate  formed,  and  the  filtrate  subsequently  tested  as 
directed  at  8. 

The  precipitate  is  washed  and  digested  cold,  with  an  excess 
of  slightly  diluted  solution  of  potass,  the  operation  being 
aided  by  agitation  of  the  mixture.  The  solution  is  subse- 
quently filtered  and  the  filtrate  boiled  for  some  time ; should 
this  cause  the  separation  of  a precipitate,  tartaric  acid  is 
present. 

Solution  of  gypsum  is  added  to  a portion  of  the  original 
solution  which,  if  acid,  is  to  be  neutralized  first  with  am- 
monia. The  formation  of  a precipitate,  which  does  not 
disappear  upon  the  addition  of  acetic  acid,  but  is  re-dissolved 
by  hydrochloric  acid,  demonstrates  the  presence  of  oxalic 
acid. 

8.  The  fluid  in  which  chloride  of  calcium  has  failed  to  produce  a 
precipitate,  or  that  which  has  been  filtered  off  from  the  precipitate 
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formed  — (in  which  latter  case  some  more  chloride  of  calcium  is  to 
be  added) — is  mixed  with  alcohol. 

a.  No  precipitate  is  formed.  Absence  of  citric  acid 
and  of  malic  acid.  Pass  over  to  9. 

b.  A precipitate  is  formed.  The  solution  is  filtered  off 
and  the  filtrate  treated  as  directed  at  9.  The  precipitate  is 
washed  with  alcohol,  and  dissolved,  on  the  filter  in  the  least 
possible  amount  of  dilute  hydrochloric  acid  ; the  solution  is 
mixed  with  ammonia  to  feebly  alkaline  reaction,  heated  to 
boiling,  and  kept  for  some  time  in  ebullition. 

a.  The  filtrate  remains  clear.  Absence  of  citric 
acid.  Presence  of  malic  acid  ; alcohol  is  again  added  to 
the  fluid,  and  the  lime  precipitate  which  forms  is  subse- 
quently ignited,  when  the  actual  presence  of  malic  acid  will 
lie  demonstrated  by  the  conversion  of  the  precipitate  into 
carbonate  of  lime,  attended  with  separation  of  charcoal ; 
the  reaction  with  acetate  of  lead  is  finally  resorted  to 
us  a confirmatory  proof.  § 103.  e.  5. 

(3.  A heavy,  white  precipitate  is  formed.  Presence 
of  citric  acid.  The  solution  is  filtered  whilst  boiling, 
and  the  filtrate  tested  for  malic  acid,  in  the  same  manner 
as  at  a. 

9.  The  filtrate  of  8.  b.  (or  the  fluid  in  which  addition  of  alcohol 
has  failed  to  produce  a precipitate,  § 127.  8.  a.)  is  heated  to  expel 
the  alcohol,  and  subsequently  exactly  neutralized  with  hydrochloric 
acid  ; perchloride  of  iron  is  then  added  to  the  neutralized  fluid. 
Should  this  fail  to  produce  a light  brown  flocculent  precipitate, 
neither  succinic  nor  benzoic  acid  are  present.  The  formation  of  a 
precipitate  of  this  kind,  on  the  other  hand,  proves  the  presence  of 
succinic  acid,  unless  the  previous  examination  should  have  re- 
vealed the  presence  of  benzoic  acid.  Should  this  have  been  the 
case,  the  solution  is  to  be  filtered  off,  and  the  precipitate  washed 
and  subsequently  digested  with  ammonia  in  excess ; the  mixture 
is  then  to  be  filtered,  the  filtrate  slightly  evaporated,  and  finally 
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tested  for  succinic  acid  ; with  chloride  of  barium  and  alcohol. 
(Compare  § 104.  additions  and  remarks.) 

10.  Test  for  nitric  acid  according  to  the  directions  of 
§ 120.  4. 

Compounds  in  which  all  the  more  frequently  occurring  bases, 
acids , metals , and  metalloids , are  supposed  to  be  present. 

A.  2.  Substances  insoluble  in  water,  but  soluble  in 

HYDROCHLORIC  ACID  AND  IN  NITRIC  ACID.  DETECTION  OF  THE 
ACIDS  AND  METALLOIDS. 

I.  Absence  of  Organic  Acids. 

\ 128. 

In  the  examination  of  these  compounds  the  analyst  has  to  look 
for  all  the  acids  occurring  at  § 126.  with  the  single  exception  of 
chloric  acid.  Cyanogen  compounds  are  not  examined  after  this 
method:  compare  § 131. 

1.  The  remarks  made  at  § 114.  2.  upon  arsenious  and 
arsenic  acid,  hydrosulphuric  acid,  carbonic  ach?,  and  chro- 
mic acid,  apply  equally  here. 

2.  A portion  of  the  substance  is  boiled  with  nitric  acid,  and  the 
solution  filtered,  should  any  residue  remain. 

a.  Effervescence  takes  place ; this  may  be  caused  by  car- 
bonic acid,  or  nitric  oxide  gas  ; the  presence  of  the 
former  may  be  demonstrated  according  to  the  directions  of 
§ 100.  a.  3.;  the  latter  indicates  usually  the  presence  of  a 
sulphur  compound. 

b.  Yiolet  fumes  escape,  which  impart  a blue  tint  to  starch  : 

IODINE. 

3.  Nitrate  of  silver  is  added  to  a portion  of  the  nitric  acid 
solution. 

a.  No  precipitate  is  formed  : absence  of  chlorine  ; pass 
over  to  4. 
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b.  A precipitate  is  formed.  The  solution  is  filtered  off, 
and  the  precipitate  washed,  and  subsequently  digested  with 
ammonia;  if  it  redissolves  totally  or  partly,  chlorine  is 
present. 

4.  A portion  of  the  substance  under  examination  is  boiled  with 
hydrochloric  acid,  and  the  solution  subsequently  filtered,  if  neces- 
sary. A portion  of  the  solution  or  filtrate  is  mixed  with  chloride 
of  barium,  after  previous  dilution  with  water.  The  formation  of  a 
precipitate  indicates  sulphuric  acid. 

5.  Another  portion  of  the  hydrochloric  acid  solution  is  tested 
for  nitric  acid,  with  indigo  and  protosulphate  of  iron.  (Vide 
§ 12G.  4.)  In  many  instances,  the  presence  of  the  nitric  acid  will 
have  been  revealed  already  at  an  early  stage  of  the  examination, 
by  the  deflagration  which  ensues  upon  exposing  nitrates,  on  a 
charcoal  support,  to  the  blow-pipe  flame. 

0.  Should  the  test  of  § 128.  2.  b.  not  yet  have  revealed  the  pre- 
sence of  iodine,  a portion  of  the  substance  under  examination  is 
to  be  heated  with  concentrated  sulphuric  acid.  If  any  iodine 
compound  be  present,  violet  vapors  will  be  evolved,  which  impart 
a blue  tint  to  starch.  (Compare  § 101.  c.  7.) 

7.  Test  fol’  boracic  acid  by  treating  a sample  of  the  substance 
with  sulphuric  acid  and  alcohol.  (Vide  § 09.  b.  5.) 

8.  The  fluid  of  § 124,  from  which  the  metals  have  been  re- 
moved, and  which  has  been  reserved  for  this  stage  of  the  exami- 
nation, according  to  the  directions  of  that  paragraph,  is  now  tested 
for  phosphoric  acid  and  oxalic  acid,  as  directed  at  §12 G,  5. 
and  0.  Should  these  two  acids  have  been  combined  with  barytes, 
strontia,  and  lime,  (or  the  phosphoric  acid  with  magnesia,)  their 
presence  ^vill  have  been  revealed  already  in  the  course  of  the 
examination  for  the  bases. 

0.  Test  for  silicic  acid  as  directed  at  § 100.  b.  3.  With  re- 
gard to  the  more  rarely  occurring  bromine  and  fluorine  com- 
pounds, I refer  to  the  remarks  made  at  the  end  of  § 12G. 
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Compounds  in  which  all  the  more  frequently  occurring  bases, 
acids,  metals,  and  metalloids , are  supposed  to  be  present. 

A 2.  Substances  insoluble  in  water,  but  soluble  in 

HYDROCHLORIC  ACID,  AND  IN  NITRIC  ACID.  DETECTION  OF 
THE  ACIDS  AND  METALLOIDS. 

II.  In  presence  of  Organic  Acids, 
h 129. 

1.  Test  for  carbonic  acid,  arsenic  acid,  arsenious  acid, 

SULPHURIC  ACID,  NITRIC  ACID,  BORACIC  ACID,  CHROMIC  ACID, 

silicic  acid,  chlorine,  iodine,  and  SULPHUR,  as  directed  at 
§ 128  ; and  for  acetic  acid  as  directed  at  § 127.  6.  Cyanogen 
compounds  are  not  examined  after  this  method  : compare  § 131. 

2.  A portion  of  the  compound  under  examination  is  dissolved 
in  hydrochloric  acid,  and  the  solution  filtered  off  from  the  undis- 
solved residue  which  may  remain,  and  which  is  subsequently 
to  he  tested  for  benzoic  acid,  as  directed  at  § 127.  2.  The 
filtrate  is  mixed  with  an  excess  of  solution  of  carbonate  of 
potass,  and  the  mixture  boiled  for  some  time.  The  fluid  is  fil- 
tered off  from  the  precipitate  formed,  and  the  filtrate  saturated 
with  dilute  hydrochloric  acid,  and  subsequently  tested  for  phos- 
phoric acid  and  oxaxic  acid,  as  directed  at  § 126.  5.  and  9. ; and 
for  tartaric  acid,  citric  acid,  malic  acid,  succinic  acid,  and 
benzoic  acid,  strictly  according  to  the  directions  of  § 127.  7.  8. 
and  9. 

Compounds  in  which  all  the  more  frequently  occurring  bases , 
acids,  metals , and  metalloids  are  supposed  to  be  present. 

B.  Substances  insoluble  or  sparingly  soluble  both  in 

WATER  AND  IN  HYDROCHLORIC  ACID.  DETECTION  OF  THE 
BASES,  ACIDS,  AND  METALLOIDS. 

§ 130. 

The  following  substances  and  compounds  belong  to  this  class  : 
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Sulphate  of  barytes,  sulphate  of  strontia,  sulphate  of 

LIME,  CHLORIDE  OF  SILVER,  CHLORIDE  OF  LEAD,  SULPHATE  OF 
LEAD,  SULPHURET  OF  MERCURY,  BISULPHURET  OF  MERCURY, 
PROTOCHLORIDE  OF  MERCURY,  SEVERAL  OF  THE  FERRO  and  FERRI- 
CYANIDES,  SEVERAL  SULPHURETS,  SILICIC  ACID,  SULPHUR  aild 
CARBON. 

Besides  these,  a few  acid  arseniates  belong  to  this  class ; they 
are,  however,  of  as  rare  occurrence  in  the  analysis  of  the  more 
important — (in  a pharmaceutical  and  technical  point  of  view) — 
mixtures  and  compounds,  as  the  insoluble  modification  of  the 
oxide  of  chromium,  the  ignited  peroxide  of  tin,  and  the  fluoride 
of  calcium.  Of  these  latter  less  frequently  occurring  substances,  1 
purpose  to  treat  separately. 

With  regard  to  the  insoluble  cyanides,  I refer  to  § 131. 

A.  The  residue  is  white.  It  may  in  that  case  contain  of 
the  above  enumerated  substances : sulphate  of  barytes,  sul- 
phate OF  STRONTIA,  SULPHATE  OF  LIME,  SULPHATE  OF  LEAD, 
CHLORIDE  OF  LEAD,  CHLORIDE  OF  SILVER,  PROTOCIILORIDE  OF 
MERCURY,  SILICIC  ACID,  SULPHUR. 

No  attention  need  be  paid  to  the  presence  of  sulphate  of  lime, 
unless  this  substance  has  been  detected  already  in  the  aqueous 
solution.  The  lead  compounds  also  may  be  disregarded,  if  the 
previous  examination  has  not  already  revealed  their  presence. 

1.  A sample  of  the  substance  under  examination  is  heated  on 
a platinum  plate,  and  the  flame  made  to  play  upon  it.  Emission 
of  the  odor  of  sulphurous  acid  demonstrates  the  presence  of 
sulfhur.  If  no  residue  remains,  this  is  a sign  of  the  exclusive 
presence  of  sulphur.  If  the  heat  applied  was  very  intense,  pro- 
tochloride of  mercury  may  likewise  have  volatilized.  The  out- 
ward appearance  of  the  residue  will  suffice  to  show  whether  this 
is  to  be  apprehended. 

2.  Ilydrosulphuret  of  ammonia  is  added  to  a very  small  portion 
of  the  substance  under  examination. 

a.  It  remains  white.  Absence  of  metal  compounds* 
Pass  over  to  3. 
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It  turns  Hack.  This  is  a positive  proof  of  the  presence 
of  a metallic  salt,  which  may  be  either  pro  to  chloride  of  mer- 
cury, chloride  of  silver,  chloride  of  lead,  or  sulphate  of  lead. 
Moreover,  all  the  other  compounds  enumerated  under  A. 
may  be  present.  The  further  process  varies  according  to 
the  presence  or  absence  of  lead. 

The  following  preliminary  test  is  applied  to  ascertain 
which  method  ought  to  he  pursued : 

A small  portion  of  the  substance  is  mixed  with  carbonate 
of  soda,  and  the  mixture  exposed  to  the  reducing  flame  of 
the  blow* pipe.  The  production  of  a metallic  grain,  (which 
is  oxidized  in  the  outer  flame,)  attended  with  yellow  incrus- 
tation of  the  charcoal,  indicates  lead. 

a.  This  preliminary  examination  indicates  the 

PRESENCE  OF  LEAD  IN  THE  WHITE  RESIDUE. 

aa.  The  greater  portion  of  the  residue  (which,  if 
moist,  must  be  dried  first)  is  fused  with  three  parts  of 
dry  carbonate  of  soda  and  three  parts  of  cyanide  of 
potassium,  in  a small  porcelain  crucible,  over  a spirit- 
lamp.  The  mass  fuses  readily ; it  is  maintained  in  a 
state  of  fusion  for  some  time,  and  subsequently  allowed 
to  cool.  The  refrigerated  mass  is  boiled  with  water, 
the  fluid  is  filtered  off  from  the  residue,  and  the  latter 
very  carefully  washed.  The  greater  portion  of  the 
filtrate  is  supersaturated  with  hydrochloric  acid,  and  a 
sample  of  this  acidified  solution  tested  with  chloride  of 
barium.  The  formation  of  a precipitate  indicates  the 
presence  of  a sulphate.  (Should  a precipitate  (silicic 
acid)  be  formed,  upon  supersaturating  the  filtrate  with 
hydrochloric  acid,  the  fluid  is  to  be  diluted,  and  sub- 
sequently filtered  of  from  the  precipitate  formed,  the 
filtrate  being  then  finally  tested  for  sulphuric  acid.)  The 
rest  of  the  acidified  portion  of  the  filtrate  is  evaporated 
to  dryness,  and  the  residue  subsequently  treated  with 
water.  Should  a residue  remain,  this  consists  of  silicic 
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acid.  The  formation  of  a clear  glass,  upon  fusing 
the  residue  with  carbonate  of  soda  in  the  blow-pipe 
flame,  is  a conclusive  proof  of  the  presence  of  silicic 
acid.  The  rest  of  the  filtrate,  which  has  not  been 
mixed  with  hydrochloric  acid,  is  acidified  with  nitric 
acid,  and  boiled  until  it  ceases  to  emit  the  slightest 
odor  of  hydrocyanic  acid ; nitrate  of  silver  is  then 
added  ; the  formation  of  a precipitate  of  chloride  of 
silver  denotes  that  the  residue,  insoluble  in  water  and 
hydrochloric  acid,  contains  a chloride,  (provided  al- 
ways, the  reagents  used  be  free  from  chlorine,  and  the 
residue  thoroughly  washed.)  The  residue  which  re- 
mained upon  treating  the  fused  mass  with  water,  and 
which  has  been  thoroughly  washed,  is  now  treated  with 
acetic  acid ; if  it  dissolves  partly  in  this  acid  with  ef- 
fervescence, this  is  a positive  proof  of  the  presence  of 
sulphates  of  the  alkaline  earths.  If  no  effervescence 
takes  place,  this  proves  the  absence  of  the  sulphates  of 
the  alkaline  earths ; the  residue  is  accordingly  at  once 
treated  with  nitric  acid,  and  the  further  operation  con- 
ducted as  will  he  stated  immediately.  If  effervescence 
has  taken  place,  a sample  of  the  acetic  acid  solution  is 
tested  with  sulphuretted  hydrogen.  Tf  a black  preci- 
pitate (sulphuret  of  lead)  forms,  the  lead  is  removed  in 
the  same  manner  from  the  whole  of  the  acetic  acid  solu- 
tion, and  the  filtrate — (which,  if  necessary,  is  to  he 
concentrated  first  by  evaporation) — treated  as  § 122. 
directs,  beginning  at  2.  «.  Should  the  sample  of  the 
acetic  acid  solution  remain  unaltered  when  tested  with 
the  sulphuretted  hydrogen,  the  rest  of  the  solution  is 
treated  at  once  according  to  the  directions  of  § 122.  2.  a . 
The  residue,  which  the  acetic  acid  lias  failed  to  dissolve, 
is  treated  with  nitric  acid,  and  a small  portion  of  the 
solution  subsequently  tested  with  sulphuric  acid  for 
lead,  after  having  previously  removed  the  excess  of  the 
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acid  by  evaporation.  The  rest  of  the  solution  is  con- 
siderably diluted  with  water,  and  subsequently  tested 
for  silver,  with  hydrochloric  acid.  If  nitric  acid  leaves 
a residue,  this  consists  of  undecomposed  silicic  acid, 
or  of  an  incompletely  decomposed  sulphate  of  one  of 
the  alkaline  earths. 

bb.  Half  of  the  remainder  of  the  residue  is  boiled 
with  carbonate  of  potass.  Should  this  change  the 
white  color  of  the  residue  to  grey  or  black,  protochlo- 
ride of  mercury  is  present.  To  obtain  positive  con- 
viction on  this  point,  the  other  half  is  to  be  heated  in 
a small  glass  tube,  in  conjunction  with  dry  carbonate 
of  soda.  (Vide  § 91.  b.  8.) 

p.  The  preliminary  examination  proves  that  tile 
white  residue  contains  no  lead.  The  whole  of  the 
residue  is  drenched  and  digested  for  some  time,  with 
hydro sulphuret  of  ammonia  in  excess,  the  fluid  is  filtered  off 
from  the  precipitate  formed,  and  the  latter  is  washed 
and  subsequently  boiled  with  nitric  acid. 

aa.  The  precipitate  dissolves,  with  the  exception  of 
the  separated  sulphur.  Chloride  of  silver  alone  is 
present.  In  confirmation,  the  nitric  acid  solution  is 
tested  for  silver,  with  hydrochloric  acid.  To  de- 
monstrate the  presence  of  the  chlorine,  the  fluid 
filtered  off  from  the  sulphuret  of  silver  formed  is 
supersaturated  with  nitric  acid,  boiled  in  order  to  expel 
the  sulphuretted  hydrogen,  and  subsequently  filtered 
off  from  the  sulphur  which  has  separated  ; the  filtrate 
is  then  finally  tested  with  nitrate  of  silver. 

bb.  A residue  remains , besides  the  separated  sulphur. 

aa.  This  residue  is  black  : mercury.  The  fluid 
is  filtered  oft  from  the  residue,  and  the  filtrate  tested 
for  silver,  with  hydrochloric  acid ; the  residue  is 
heated  with  aqua  regia.  Should  this  effect  complete 
solution,  with  the  exception  of  the  separated  sul- 
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plmr,  the  investigation  may  be  considered  at  an  end, 
the  absence  of  the  sulphates  of  the  alkaline  earths 
and  that  of  silicic  acid  being  fully  proved  ; — should 
a white  residue  remain,  this  is  to  he  washed,  and 
subsequently  treated  as  directed  at  § 130.  A.  3.  The 
solution  in  aqua  regia  is  tested  with  a clean  piece  of 
copper,  or  with  protochloride  of  tin  to  obtain  positive 
proof  of  the  presence  of  mercury,  (vide  § 120.  2.) 

To  demonstrate  the  presence  of  the  chlorine,  the  sul- 
pharmoniated  fluid  filtered  off  from  the  mixed  precipi- 
tate is  treated  as  directed  at  aa. 

(3(3.  The  residue  is  not  black  : absence  of  mer- 
cury. For  the  further  process,  vide  3. 

3.  This  residue  ((3/3)  or  the  original  residue  of  § 130.  A.  2.  a., 
is  fused  in  a platinum  crucible,*  over  a spirit-lamp  with  double 
draught,  in  conjunction  with  four  parts  of  carbonate  of  potass  and 
soda ; the  fused  mass  is  soaked  in  water,  boiled,  filtered,  and 
the  residue  which  may  remain  washed  until  chloride  of  barium 
ceases  to  produce  a precipitate  in  the  rinsing  water.  (This 
water  must  not  be  added  to  the  filtrate.)  The  residue  is  treated 
as  directed  at  4.  The  filtrate  is  supersaturated  with  hydrochloric 
acid,  and  a portion  of  it  tested  with  chloride  of  barium  ; the  for- 
mation of  a precipitate  indicates  the  presence  of  sulphates  of 
the  alkaline  earths.  The  rest  of  the  filtrate  is  evaporated  to 
dryness  and  the  residue  subsequently  treated  with  water ; should 
an  undissolved  residue  remain,  this  consists  of  silicic  acid. 

4.  The  residue  remaining  upon  boiling  the  fused  mass  with 
water,  (vide  3.)  denotes  the  presence  of  sulphates  of  the  alka- 
line earths.  It  is  carefully  washed  and  subsequently  treated 
with  hydrochloric  acid.  Should  the  residue  dissolve  totally  or 
partly,  either  solution  being  attended  with  effervescence,  this  is  a 

* A porcelain  crucible  may  be  substituted  for  a platinum  crucible,  in  which 
case,  six  parts  of  a mixture  of  equal  parts  of  dry  carbonate  of  soda  and  cy- 
anide of  potassium  must  be  employed,  instead  of  the  carbonate  of  potass  and 
soda ; the  method  in  the  text  is  however  the  best. 
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positive  proof  of  tlie  presence  of  sulphates  of  the  alkaline  earths. 
The  hydrochloric  acid  solution  is  then  tested  according  to  the 
directions  of  § 122.,  beginning  at  2.  a.  Should  the  hydrochloric 
acid  leave  a residue  undissolved,  this  consists  of  silicic  acid  or  of 
an  imperfectly  decomposed  sulphate  of  one  of  the  alkaline 
earths. 

B.  The  residue  is  not  white.  The  presence  of  some  sub- 
stances (cinnabar,  sulphuret  of  arsenic)  may,  in  that  case,  he  infer- 
red from  the  mere  color  of  the  residue. 

1.  Test  for  sulphur,  according  to  the  directions  of  § 130, 
A.  1. 

2.  The  greater  portion  of  the  residue  is  treated  with  aqua  regia 
and  the  mixture  boiled  ; the  solution  is  filtered  whilst  still  hot, 
and,  should  any  residue  remain,  besides  the  separated  sulphur, 
this  is  once  more  boiled  with  water,  the  fluid  subsequently 
filtered,  and  this  second  filtrate  added  to  the  first.  The  whole 
of  the  filtrate  is  then  evaporated  nearly  to  dryness,  the  residual 
mass  redissolved  in  some  water,  and  one  portion  of  the  solution 
tested  for  lead  with  sulphuric  acid,  another  portion  for  mercury 
with  a clean  piece  of  copper.  If  a solution  in  hydrochloric  acid 
has  been  used  in  the  examination  for  the  bases  (§  109.),  the  solu- 
tion in  aqua  regia  must  he  tested  for  the  metals  in  the  usual  way, 
since  various  other  sulpliurets,  insoluble  or  sparingly  soluble  in 
hydrochloric  acid,  might  he  present. 

3.  If  aqua  regia  has  left  an  undissolved  residue,  besides  sulphur, 
which  may  have  separated,  this  residue  is  to  he  thoroughly 
washed.  Should  a compound  of  lead  have  been  present,  hot  water 
is  to  he  used  for  the  rinsing,  aud  the  process  continued  until 
hydrosulpliuret  of  ammonia  ceases  to  blacken  the  fluid  which 
runs  off. 

a.  The  residue  is  white  : a portion  of  it  is  tested  with 
hydrosulpliuret  of  ammonia. 

a.  It  becomes  black.  The  whole  of  the  residue  is 
digested  with  hydrosulpliuret  of  ammonia,  and  the  further 
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process  conducted  in  strict  conformity  with  the  directions 
of  § 130.  A.  2.  b.  P. 

p.  It  remains  white.  The  residue  is  treated  as  directed 
at  § 130.  A.  3. 

b.  The  residue  is  black  ; this  indicates  the  presence  of 
carbon  in  some  form  : charcoal,  coal,  hone-coal,  graphite, 
Sc o.  The  residue  is  ignited  in  a small  platinum  spoon, 
or  in  the  blow- pipe  flame.  If  it  is  entirely  consumed 
this  is  a proof  of  the  exclusive  presence  of  carbon,  but  if  a 
residue  remains,  or  if  the  combustion  is  not  complete 
(graphite),  the  analyst  has  to  look  likewise  for  chloride 
of  silver,  sulphates  of  the  alkaline  earths  and 
silicic  acid;  the  residue  in  that  case  is  treated  as  directed 
at  § 130.  B.  3.  a.  a. 

Of  the  acids  and  electro  negative  substances,  chlorine 
and  sulphuric  acid  alone  can  be  present  besides  those  al- 
ready mentioned.  To  detect  chlorine  and  sulphuric  acid, 
part  of  the  residue  insoluble  in  hydrochloric  acid  is  digested 
with  hydrosulphuret  of  ammonia,  the  solution  is  divided  into 
two  parts,  and  one  half  boiled  with  hydrochloric  acid  in  excess, 
the  other  half  with  nitric  acid  in  excess;  both  solutions  are 
filtered,  and  the  hydrochloric  acid  fluid  is  tested  with  chloride 
of  barium  for  sulphuric  acid,  the  nitric  acid  fluid  with  nitrate 
of  silver  for  chlorine. 

The  insoluble  peroxide  of  tin  and  oxide  of  chromium 
maybe  detected  before  the  blow-pipe.  Peroxide  of  tin,  when 
exposed  on  charcoal  to  the  reducing  flame  of  the  blow- 
pipe, with  carbonate  of  soda  and  cyanide  of  potassium, 
yields  a soft  metallic  grain,  without  incrustation  of  the 
charcoal.  Oxide  of  chromium,  which  is  moreover  distin- 
guished by  its  green  color,  is  treated  with  microcosmic  salt, 
as  directed  at  § 88.  h 6.,  or  fused  with  carbonate  of  soda  and 
nitrate  of  potass  (§  88.  h.  5.)  The  arsenic  acid  of  the  in- 
soluble arseniates  is  detected  before  the  blow-pipe  and  by 
reduction  in  a glass  tube.  (Vide  § 95.  d.)  To  effect  the 
detection  of  the  bases,  these  insoluble  arseniates  must  be  de- 
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composed  first  by  boiling  with  concentrated  sulphuric  acid. 
Fluoride  of  calcium  is  decomposed  by  concentrated 
sulphuric  acid,  in  a platinum  crucible : the  fluorine  is  de- 
tected by  its  property  of  etching  glass ; the  lime  remains  as 
gypsum.  There  are  still  several  other  compounds  which  are 
rendered  insoluble  in  acids  by  ignition,  but  it  would  exceed 
the  limits  of  this  work  to  treat  of  them  all. 

§ 131. 

SPECIAL  METHOD  FOR  THE  DECOMPOSITION  OF  CYANIDES,  FERRO- 
CYANIDES,  &C.*  WHICH  ARE  INSOLUBLE  IN  WATER. 

The  analysis  of  compounds  of  this  description  by  the  general 
method,  gives  rise  frequently  to  the  manifestation  of  fallacious 
phenomena  which  tend  to  mislead  the  analyst.  Acids  fail  more- 
over frequently  to  effect  the  complete  solution  of  these  compounds. 
For  these  reasons  it  is  advisable  to  analyze  them  by  the  following 
special  method  : The  substance  which  it  is  intended  to  analyze,  is 
thoroughly  extracted  with  water ; the  residue  is  boiled  with  strong 
potass  ley,  and  subsequently,  after  the  mixture  has  been  in 
ebullition  a few  minutes,  some  solution  of  carbonate  of  potass 
added,  and  the  whole  mixture  finally  boiled  once  more. 

a . Complete  solution  ensues.  Absence  of  alkaline 
earths,  nickel,  cadmium,  bismuth,  and  silver.  Sulphuretted 
hydrogen  water  i3  added  in  excess  to  the  alkaline  solu- 
tion : 

a.  No  permanent  precipitate  is  formed.  Absence  of  zinc, 
lead,  copper.  + Nitric  acid  is  added  to  the  alkaline  fluid  to 

* The  student  is  advised  to  read  the  additional  remarks  to  § 131.  (vide 
section  II.)  before  entering  upon  this  course  of  analysis. 

f I have  included  oxide  of  copper  among  the  number  of  oxides  which  are 
soluble  in  potass,  because  the  hydrated  oxide  of  copper  remains  suspended 
in  concentrated  potass  ley  in  a state  of  extreme  division,  and  does  not  sepa- 
rate even  upon  boiling  : the  blue  fluid  which  is  thus  produced  looks  so 
like  a real  solution  that  it  can  scarcely  he  distinguished  from  one. 
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acid  reaction,  and  subsequently,  should  the  mixture  not 
yet  smell  strongly  of  sulphuretted  hydrogen,  an  excess  of 
solution  of  the  latter  reagent. 

aa.  No  precipitate  is  formed.  Absence  of  mercury, 
tin,  arsenic,  antimony,  gold,  and  platinum.  The  solution 
can  contain  only  alumina,  and  those  metals  which  form 
compound  radicals  with  cyanogen.  A sample  of  the 
fluid  is  tested  for  cyanogen,  by  successive  addition  of 
potass,  solution  of  ferrosoferric  oxide,  and  hydrochloric 
acid.  The  rest  of  the  fluid  is  evaporated  to  dryness  and 
the  residue  heated  to  fusion.  The  fused  mass  is  poured 
out  upon  a broken  piece  of  porcelain,  and  subsequently 
boiled  with  water ; the  solution  is  then  filtered  off  from 
the  residue,  which  is  subsequently  tested  for  iron,  man- 
ganese, cobalt,  and  alumina.  The  filtrate  is  tested 
for  chromic  acid  (in  which  form  the  analyst  will  obtain 
the  whole  of  the  chromium  present)  with  acetate  of  lead, 
after  previous  addition  of  acetate  of  potass  ; and  for 
the  other  acids  which  may  be  present,  according  to  the 
directions  of  § 12G. 

bb.  A precipitate  forms.  The  fluid  is  filtered  off 
from  the  precipitate,  which  is  then  examined  for  mer- 
cury, and  the  metals  of  the  sixth  group,  according  to  the 
directions  of  § 118.  3.  The  filtrate  is  tested  for  cyano- 
gen, alumina,  iron,  manganese,  cobalt,  chromium,  and 
the  acids,  as  directed  at  aa. 

{3.  A precipitate  is  formed.  The  fluid  is  filtered  off 
from  the  precipitate,  which  is  subsequently  dissolved  in 
nitric  acid,  and  the  solution  treated  according  to  the 
directions  of  § 117.  III.,  bearing  in  mind  that  zinc,  lead, 
copper  (and  mercury)  alone  can  be  present.  The  filtrate 
is  treated  according  to  the  directions  of  § 131.  a.  a. 
b.  An  undissolved  residue  remains.  Water  is  ad- 
ded to  the  alkaline  fluid  ; the  mixture  is  then  boiled  once 
more,  and  subsequently  filtered.  The  residue  is  dissolved 
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and  examined  according  to  the  directions  of  § 109.  A.  2. 
The  filtrate  is  treated  as  directed  at  § 131.  a. 

% 132. 

GENERAL  RULES  FOR  THE  DETECTION  OF  INORGANIC  SUBSTANCES 
IN  CASES  WHERE  ORGANIC  SUBSTANCES  ARE  PRESENT,  WHICH 
BY  THEIR  COLOR,  CONSISTENCE,  OR  OTHER  PROPERTIES,  IM- 
PEDE THE  APPLICATION  OF  THE  REAGENTS,  OR  OBSCURE  THE 
PHENOMENA  PRODUCED. 

Cases  of  this  kind,  as  I have  stated  already  in  my  introductory 
remarks  to  Part  II.,  are  so  manifold,  that  it  is  impossible  to  lay 
down  a method  for  every  individual  case  ; I will  therefore  confine 
myself  here  to  the  description  of  a few  methods,  such  as  are  most 
generally  applicable,  and  leave  the  adaptation  of  the  modifications 
which  individual  cases  may  require,  to  the  judgment  of  the 
analyst. 

1.  The  substance  dissolves  in  water,  but  the  solution 

IS  DARK  COLORED,  OR  OF  A SLIMY  CONSISTENCE. 

a.  A portion  of  the  solution  is  boiled  with  hydrochloric 
acid,  and  chlorate  of  potass  gradually  added  until  the  mix- 
ture appears  decolored  and  perfectly  fluid ; the  solution  is 
then  heated  until  it  ceases  to  emit  the  odor  of  chlorine  ; it  is 
now  diluted  with  water,  and  filtered.  The  filtrate  is  exami- 
ned in  the  usual  way,  beginning  at  § 118. 

b.  Another  portion  of  the  solution  is  boiled  for  some  time 
with  nitric  acid,  subsequently  filtered,  and  the  filtrate  tested 
for  silver,  potass,  and  hydrochloric  acid.  This  method  is 
frequently  preferable  to  all  others  in  cases  where  the  nitric 
acid  succeeds  in  effecting  the  ready  and  complete  destruction 
of  the  coloring  and  slimy  matters,  &c. 

c.  Alumina  and  oxide  of  chromium  might  escape  de- 
tection by  this  method,  because  ammonia  and  hydrosulphuret 
of  ammonia  fail  to  precipitate  these  oxides  from  fluids  con- 
taining non-volatile  organic  substances  in  admixture 
Should  the  analyst  have  reason,  therefore,  to  suspect  the 
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presence  of  these  oxides,  he  must  deflagrate  a third  portion  of 
the  substance  with  nitrate  of  potass  and  some  carbonate  of 
soda,  and  boil  the  fused  mass  subsequently  with  water,  when 
the  chromium  will  he  obtained  in  the  solution,  in  the  form  of 
chromic  acid,  whilst  the  alumina  will  he  found  in  the  un- 
dissolved residue. 

2.  Boiling  water  fails  to  dissolve  the  substance,  or 

EFFECTS  ONLY  PARTIAL  SOLUTION. 

The  solution  is  filtered,  and  the  filtrate  treated  either  as  di- 
rected at  § 117,  or,  should  it  require  decoloration,  in  conformity 
with  the  directions  of  § 132.  1.  Should  the  solution  not  admit  of 
filtration,  the  further  operation  must  he  conducted  as  directed 
§ 132.  2.  c.  The  residue  may  be  of  various  nature  : 

a.  It  is  fatty.  The  fatty  matters  are  removed  by  means 
of  ether,  and  should  any  residue  remain,  this  is  treated  as 
directed  at  § 109. 

b.  It  is  resinous.  Alcohol  is  used  instead  of  ether,  or 
both  liquids  are  applied  successively. 

c.  It  is  of  a different  nature,  e.  g.  organic  fibre,  Ac. 
The  residuo  is  dried,  and  the  greater  portion  of  it  tritu- 
rated with  from  three  to  four  parts  of  pure  nitrate  of  potass ; 
the  mixture  is  gradually  deflagrated  in  a red-hot  crucible. 
The  residue  is  treated  as  § 109.  A.  directs.  Another  portion 
of  the  original  residue  is  boiled  with  aqua  regia,  the  solu- 
tion filtered,  and  the  filtrate  tested  for  mercury.  The  other  part 
of  the  original  residue  is  tested  for  ammonia,  according  to 
the  directions  of  § 125. 


% 133. 

IV.  CONFIRMATORY  EXPERIMENTS. 

When  the  various  bases,  acids,  and  electro-negative  bodies, 
present  in  the  substance  under  examination  have  been  detected, 
it  is  in  many  cases  advisable , and  in  others  even  absolutely  neces- 
sary, to  control  the  results  obtained.  Many  substances  are  so 
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distinctly  characterized  by  certain  reactions,  that  their  positive 
detection  may  be  readily  effected,  even  though  the  compound  or 
mixture  under  examination,  may  contain  a great  many  other 
substances.  It  is  simply  necessary  for  this  purpose  to  call 
forth  their  characteristic  reactions  in  some  fresh  samples  of  the 
analyzed  body.  But  there  are,  on  the  other  hand,  a great  many 
substances  deficient  in  characteristic  reactions.  In  the  case  of 
substances  of  this  latter  description,  the  analyst  should  invariably 
endeavour  to  ascertain  by  the  strictest  examination  into  the  at- 
tendant circumstances,  whether  the  reactions  and  phenomena  which 
lead  him  to  assume  the  presence  of  a certain  substance  may 
not  he  owing  to  extraneous  causes.  How  often  does  it  hap- 
pen, for  instance,  that  the  presence  of  ammonia  in  a substance 
is  deemed  fully  demonstrated,  whilst  in  reality  the  reactions 
leading  to  this  assumption,  are  owing  simply  to  the  presence  of 
ammonia  in  the  atmosphere  of  the  laboratory  ? How  often  is  the 
presence  of  alumina  unhesitatingly  pronounced,  simply  because 
the  potass  ley  used  becomes  turbid  upon  the  addition  of  solution 
of  sal  ammoniac,  when  the  real  cause  of  this  turbidity  is  impurity 
of  the  ley,  &c. 

As  I have  already  in  the  preceding  part  of  the  work,  fully  dis- 
cussed the  subject  of  reagents  and  reactions  I have  only  to  observe 
that  the  selection  of  methods  best  adapted  to  control  the  results 
of  any  given  analysis  must  he  left  to  the  discernment  of  the 
analyst. 


CHAPTER  II. 


EXPLANATORY  NOTES  AND  ADDITIONS  TO  THE 
SYSTEMATIC  COURSE  OF  ANALYSIS. 

I.  Additional  remarks  to  the  preliminary  examination. 

To  §§  100 — 108. 

The  inspection  of  the  physical  properties  of  a body  may,  as  I 
have  stated  at  § 100,  in  many  cases  enable  the  analyst  to  draw 
certain  general  (at  least  negative)  inference  as  to  its  nature. 
Thus,  for  instance,  if  the  analyst  is  examining  a white  substance, 
ho  may  at  once  conclude  that  it  is  not  cinnabar  or,  if  a light  sub- 
stance, that  it  is  not  a compound  of  lead,  &c. 

Inferences  of  this  kind  are  quite  admissible  to  a certain  extent ; 
hut  if  carried  too  far  they  are  apt  to  mislead  the  analyst,  by 
blinding  him  to  every  reaction  that  may  militate  against  his  pre- 
conceived notions. 

With  regard  to  the  examination  of  substances  at  a high 
temperature,  I may  remark  that  small  glass  tubes,  from  two 
to  three  inches  in  length,  and  sealed  at  one  end,  may,  in  many 
cases,  be  substituted  for  iron  spoons.  They  afford  this  advantage 
over  the  latter,  that  volatile  bodies,  organic  substances,  &c.,  are 
less  likely  to  escape  detection,  and  that  a more  correct  and  precise 
notion  can  be  formed  of  the  nature  of  the  heated  substance,  than 
were  it  exposed  in  an  iron  spoon,  to  the  action  of  heat.  However, 
as  every  experiment  would  require  a fresh  tube,  a spoon  will  be 
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found  more  convenient  and  economical  in  experiments  for  prac- 
tice. 

With  respect  to  the  preliminary  examination  by  means  of  the 
blow-pipe,  I have  to  remark  that  the  student  must  avoid  drawing- 
positive  conclusions  from  pyrochemical  experiments,  until  he  has 
acquired  some  practice  in  this  branch  of  analytical  chemistry. 
A slight  incrustation  of  the  charcoal  support  which  may  seem  to 
denote  the  presence  of  a certain  metal,  is  not  always  a conclusive 
proof  of  the  presence  of  that  metal,  nor  would  it  be  safe  to  assume 
the  absence  of  a substance  simply  because  the  blow-pipe  flame 
has  failed  to  effect  reduction,  &c.,  &c.  The  blow-pipe  reactions 
are,  indeed,  in  most  cases  unerring,  but  it  is  not  always  easy  to 
produce  them,  and  they  are  moreover  liable  to  suffer  modification 
by  accidental  circumstances. 

The  student  should  never  omit  the  preliminary  examination  ; 
the  notion  that  this  omission  will  save  time  and  trouble  is  very 
erroneous  indeed. 

II.  Additional  remarks  to  the  solution  of  substances,  &c. 

to  § 109. 

It  is  a task  of  some  difficulty  to  fix  the  exact  limit  between  sub- 
stances which  are  soluble  in  water  and  those  that  are  insoluble  in 
that  menstruum,  since  the  number  of  bodies  which  are  sparingly 
soluble  in  water  is  very  considerable,  and  the  transition  from 
sparingly  soluble  to  insoluble  is  very  gradual.  Sulphate  of  lime 
(which  is  soluble  in  four  hundred  and  thirty  parts  of  water)  might 
perhaps  serve  as  a limit  between  these  two  classes,  since  this  salt 
may  still  be  positively  detected  in  aqueous  solution,  by  the  very 
susceptible  reagents  which  we  possess  for  lime  and  sulphuric 
acid. 

When  examining  an  aqueous  fluid  by  evaporating  a few  drops  of 
it  upon  a platinum  plate,  there  remains  sometimes  a very  minute 
residue,  which  leaves  the  analyst  in  doubt  with  respect  to  the  nature 
of  the  substance ; in  this  case  the  fluid  is,  in  the  first  place,  to  be 
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tested  with  litmus  papers  ; a drop  of  solution  of  chloride  of  barium 
is  then  to  he  added  to  a portion  of  it,  and  some  carbonate  of 
potass  to  another  portion.  Should  the  fluid  he  neutral,  and  remain 
unaltered  upon  the  addition  of  these  reagents,  the  analyst  need 
not  examine  it  any  further  for  bases  or  acids.  If  the  aqueous 
fluid  contained  any  of  those  bases  or  acids  which  principally  form 
sparingly  soluble  compounds,  the  chloride  of  barium  and  carbonate 
of  potass  would  have  reveaLed  their  presence.  The  analyst  may 
therefore  feel  certain  that  the  detection  of  the  substance  of  which 
the  residue  remaining  upon  evaporation  consists,  will  be  more 
readily  effected  in  the  solution  in  hydrochloric  or  nitric  acid,  or 
aqua  regia,  as  the  case  may  be. 

If  water  has  dissolved  any  part  of  the  substance  under  examina- 
tion, the  student  will  always  do  well  to  examine  this  solution  for 
acid3  and  bases,  since  this  will  lead  more  readily  to  a correct  ap- 
prehension of  the  nature  of  the  compound  under  examination  — 
an  advantage  which  will  counterbalance  the  drawback  of  meeting 
sometimes  with  the  same  substance  in  the  aqueous  and  in  the  acid 
solution. 

The  following  substances  are  insoluble  in  water,  but  soluble  in 
hydrochloric  acid  or  in  nitric  acid,  (with  some  exceptions)  : the 
phosphates,  arseniates,  arsenites,  borates,  carbonates,  and  oxalates 
of  the  earths  and  metals ; and  also  several  tartrates,  citrates, 
malates,  benzoates,  and  succinates,  the  oxides  and  sulphurets  of 
the  heavy  metals,  alumina,  magnesia,  many  of  the  metallic  iodides 
and  cyanides,  &c.  Nearly  the  whole  of  these  compounds  are  de- 
composed, if  not  by  dilute,  yet  by  boiling  concentrated  hydro- 
chloric acid,  (for  the  exceptions  vide  § 130.)but  this  decomposition 
gives  rise  to  the  formation  of  insoluble  compounds  when  oxide  of 
silver  is  present,  and  of  sparingly  soluble  compounds  in  the  pre- 
sence of  protoxide  of  mercury  and  lead.  This  is  not  the  case  with 
nitric  acid,  and  the  latter  effects  accordingly  complete  solution  in 
many  cases  where  hydrochloric  acid  has  left  a residue.  But  nitric 
acid,  on  the  other  hand,  leaves,  besides  those  substances  which 
are  insoluble  in  simple  acids,  oxide  of  antimony,  peroxide  of  tin, 
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peroxide  of  lead,,  &c.  undissolved,  and  fails  to  effect  the  complete 
solution  of  many  other  substances.  When,  therefore,  the  com- 
pound under  examination  is  not  completely  dissolved  by  nitric 
acid,  (with  the  exception  of  the  sulphur,  which  may  separate  in 
the  case  of  sulphur  compounds,)  the  analyst  is  referred  again  to 
the  hydrochloric  solution,  and  thus  exact  limits  are  in  some  mea- 
sure assigned  to  the  third  class  of  substances,  viz.  those  which  are 
insoluble  in  water  and  simple  acids. 

With  regard  to  the  solution  of  pure  metals  or  alloys,  I have  to 
remark,  that  white  precipitates  form  frequently  upon  boiling  with 
nitric  acid,  although  neither  tin  nor  antimony  he  present.  Inex- 
perienced students  often  confound  such  precipitates  with  the 
oxides  of  these  two  metals,  although  their  external  appearance  is 
quite  different.  These  precipitates  consist  simply  of  nitrates 
sparingly  soluble  in  the  nitric  acid  present,  but  readily  soluble  in 
water.  The  analyst  should  consequently  ascertain  first,  whether 
these  white  precipitates  will  dissolve  in  water  or  not,  before  he 
concludes  them  to  consist  of  tin  or  antimony. 


III.  Additional  remarks  to  the  actual  examination. 


To  % 110—%  132. 

A.  General  survey  and  explanation  of  the  analytical 

course. 

a , detection  of  the  bases. 

The  classification  of  the  bases  into  groups,  and  the  methods 
which  serve  to  detect  and  isolate  the  individual  bases,  have  been 
fully  explained  in  Part  I.,  Chapter  III.  The  systematic  course  of 
analysis  from  § 117  to  § 125,  is  based  upon  this  classification  of 
the  bases ; and  as  a correct  apprehension  of  this  is  of  primary 
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importance,  I will  here  subjoin  a brief  explanation  of  the  grounds 
upon  which  this  division  rests — a key,  as  it  were,  to  the  system- 
atic course,  as  far  as  the  bases  are  concerned.  With  respect  to 
the  individual  detection  of  the  several  bases,  I refer  the  student, 
moreover,  to  the  additions  and  remarks  to  § 80 — § 95.  The 
general  reagents  which  serve  to  divide  the  bases  into  principal 
groups  are — hydrochloric  acid,  sulphuretted  hydrogen, 

HYDROSULPHURET  OF  AMMONIA,  and  CARBONATE  OF  AMMONIA; 
this  is  likewise  the  order  of  succession  in  which  they  are  applied. 
Hydrosulphuret  of  ammonia  performs  a double  part. 

Let  us  suppose  we  have  in  solution  the  whole  of  the  bases, 
together  with  arsenious  acid,  and  phosphate  of  lime,  (which  latter 
may  serve  as  a type  for  the  salts  of  the  alkaline  earths,  which 
are  soluble  in  acids,  and  which  ammonia  re-precipitates  unaltered 
from  such  solution.) 

Chlorine  forms  insoluble  compounds  with  silver  and  mercury 
alone ; chloride  of  lead  is  sparingly  soluble  in  water.  The  inso- 
luble protochloride  of  mercury  corresponds  with  the  protoxide  of 
mercury.  If,  therefore,  we  add  to  our  solution : 


1.  Hydrochloric  acid. 


We  remove  from  it  the  metallic  oxides  of  the  first  section  of  the 
fifth  group,  viz.,  the  oxide  of  silver  and  the  protoxide  of 
mercury.  From  concentrated  solutions,  a portion  of  the  lead 
may  likewise  precipitate  as  chloride ; this  is,  however,  immaterial, 
as  a sufficient  quantity  of  the  lead  remains  in  the  solution  to  per- 
mit the  subsequent  detection  of  this  metal. 

Sulphuretted  hydrogen  precipitates  the  oxides  of  the  fifth  and 
sixth  group  completely  from  solutions  containing  a free  mineral 
acid,  since  both  the  affinity  which  the  metallic  radicals  of  these 
oxides  have  for  sulphur,  and  that  which  hydrogen  possesses  for 
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oxygen,  are  sufficiently  powerful  to  overcome  the  affinity  between 
the  metal  and  the  oxygen,  and  that  between  the  oxide  and  a strong 
acid,  EVEN  THOUGH  THE  ACID  BE  PRESENT  IN  EXCESS.  But 
none  of  the  other  bases  are  precipitated  under  these  circumstances, 
since  the  bases  of  the  first,  second,  and  third  group  form  no  sul- 
phur compounds  insoluble  in  water ; and  the  affinity  which  the 
metallic  radicals  of  the  oxides  of  the  fourth  group  possess  for 
sulphur,  conjointly  with  that  manifested  by  hydrogen  for  oxygen, 
are  not  sufficiently  powerful  to  overcome  the  affinity  of  the  metal 
for  oxygen  and  of  the  oxide  for  a strong  acid,  if  the  latter  is 

PRESENT  IN  EXCESS. 

Accordingly,  after  the  removal  of  the  oxide  of  silver  and  pro- 
toxide of  mercury,  by  means  of  hydrochloric  acid,  if  we  add  to  our 
solution,  (which  still  contains  free  hydrochloric  acid.) 


2.  Sulphuretted  hydrogen. 


We  remove  from  it  the  rest  of  the  oxides  of  the  fifth,  together 
with  those  of  the  sixth  group,  viz.,  oxide  of  lead,  peroxide  of 

MERCURY,  OXIDE  OF  COPPER,  OXIDE  OF  BISMUTH,  OXIDE  OF 
CADMIUM,  PEROXIDE  OF  GOLD,  PEROXIDE  OF  PLATINUM,  PRO- 
TOXIDE OF  TIN,  PEROXIDE  OF  TIN,  OXIDE  OF  ANTIMONY,  ARSE- 

nious  acid,  and  arsenic  acid.  All  the  other  oxides  remain  in 
solution,  either  unaltered  or  reduced  to  a lower  degree  of  oxi- 
dation, e.  g.  peroxide  of  iron,  to  protoxide ; chromic  acid,  to  oxide 
of  chromium,  &c. 

The  sulphurets  corresponding  to  the  oxides  of  the  sixth  group 
possess  the  faculty  of  combining  with  electro-positive  metallic  sul- 
phurets (the  sulphurets  of  the  alkali  metals)  with  which  they  form 
sulphur  salts  soluble  in  water ; whilst  the  sulphurets  corresponding 
to  the  oxides  of  the  fifth  group  do  not  possess  this  property. 
If,  therefore,  we  treat  the  whole  of  the  sulphurets  precipitated  by 
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sulphuretted  hydrogen  from  acid  solution,  with — 


3.  Hydrosulphuret  of  ammonia , or  sulpha  ret  of  potassium, 


the  bisulphuret  of  mercury,  and  the  sulphurets  of  lead,  copper,  bis- 
muth, and  cadmium,  will  remain  undissolved,  whilst  the  other  sul- 
phurets dissolve  as  double  sulphurets  of  gold,  platinum,  antimony, 
tin,  arsenic,  with  sulphuret  of  ammonium  or  potassium,  and 
re-precipitate  from  their  solution,  upon  the  addition  of  an  acid,  either 
unaltered,  or  as  regards  the  proto-sulphuret  of  tin,  in  a state  of  higher 
sulphuration,  (the  proto-sulphuret  of  tin  absorbs  sulphur  from  the 
sulphuret  of  ammonium.)  The  rationale  of  this  precipitation  is  as 
follows  : — The  acid  decomposes  the  sulphur  salt  formed.  The 
sulphur  base  (sulphuret  of  ammonium  or  sulphuret  of  potassium) 
transposes  with  the  constituents  of  the  water,  to  an  oxygen  base 
(oxide  of  ammonium  or  potass)  and  sulphuretted  hydrogen  ; the 
former  combines  with  the  acid  added,  the  latter  escapes,  and  the 
liberated  electronegative  sulphuret  precipitates.  (If  the  acid  is  an 
hydracid,  the  radical  combines  with  the  ammonium  and  the  hydro- 
gen with  the  sulphur.)  Sulphur  precipitates  at  the  same  time,  the 
hydrosulphuret  of  ammonia  containing  invariably  an  excess  of 
sulphur.  The  analyst  must  bear  in  mind  that  the  thus  eliminated 
sulphur  makes  the  color  of  the  precipitated  sulphurets  appear 
lighter  than  they  are  naturally. 

Of  the  oxides  still  in  solution,  the  alkalies,  the  alkaline  earths, 
alumina  and  oxide  of  chromium  have  remained  so,  because  their 
sulphur  compounds  are  soluble  in  water,  or  because  their  salts  are 
not  at  all  affected  by  sulphuretted  hydrogen ; the  sulphurets 
corresponding  to  the  oxides  of  the  fourth  group,  are  insoluble 
in  water,  and  would  have  been  precipitated  accordingly  bv  sul- 
phuretted hydrogen,  had  not  the  free  acid  present  prevented  their 
precipitation.  If,  therefore,  this  free  acid  be  removed,  i.  e.  if  the 
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solution  be  made  alkaline  and  sulphuretted  hydrogen  added,  or  if, 
what  answers  both  purposes  at  once, 


4.  Hydro  sulphuret  of  ammonia 


be  added  to  the  solution,  the  sulphurets  corresponding  to  the 
oxides  of  the  fourth  group  will  precipitate,  viz. : sulphuret  of 

IRON,  SULPHURET  OF  MANGANESE,  SULPHURET  OF  COBALT,  SUL- 
PHURET of  nickel,  and  sulphuret  of  zinc.  Conjointly  with 
these  sulphurets,  alumina,  oxide  of  chromium,  and  phosphate 
of  lime,  are  precipitated,  because  the  affinity  which  the  oxide  of 
ammonium  possesses  for  the  acid  of  the  salt  of  alumina  or  of  oxide 
of  chromium,  or  for  the  acid  which  keeps  the  phosphate  of  lime  in 
solution,  induces  the  elements  of  the  sulphuret  of  ammonium,  to 
transpose  with  those  of  the  water,  giving  thus  rise  to  the  forma- 
tion of  oxide  of  ammonium  and  of  sulphuretted  hydrogen.  The 
former  combines  with  the  acid,  the  latter  escapes,  being  incapable 
of  entering  into  combination  with  the  liberated  oxides,  or  with  the 
phosphate  of  lime, — the  oxides  and  the  limesalt  precipitate.  There 
remain  now  in  solution  only  the  alkaline  earths  and  the  alkalies. 
The  neutral  carbonates  of  the  former  are  insoluble  in  water, 
whilst  those  of  the  latter  are  soluble  in  that  menstruum.  If,  there- 
fore, we  add  now 


5.  Carbonate  of  ammonia, 


and  apply  heat,  in  order  to  decompose  the  bicarbonates  which 
may  have  been  formed,  the  whole  of  the  alkaline  earths  ought 
to  precipitate.  This  is,  however,  the  case  only  as  regards 
barytes,  strontia,  and  lime  ; of  magnesia  we  know  that,  owing 
to  its  disposition  to  form  double  compounds  with  ammoniacal 
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salts,  it  precipitates  only  in  part;  and  that  the  presence  of  ad- 
ditional ammoniacal  salts  prevents  its  precipitation  altogether- 
To  prevent  any  uncertainty  arising  from  this,  sal  ammoniac  is 
added  previously  to  the  carbonate  of  ammonia,  and  thus  the  pre- 
cipitation of  the  magnesia  is  prevented  altogether. 

We  have  now  still  in  solution,  magnesia  and  the  alkalies  ; the 
simple  detection  of  magnesia  may  be  effected  by  means  ol  phos- 
phate of  soda  and  ammonia ; but  its  separation  requires  a different 
method,  since  the  presence  of  phosphoric  acid  would  impede  the 
further  progress  of  the  analysis.  The  process  which  serves  to 
effect  the  removal  of  the  magnesia  is  based  upon  the  insolubility 
of  magnesia  in  the  pure  state.  The  substance  under  examination 
is  accordingly  ignited  in  order  to  expel  the  ammoniacal  salts,  and 
the  magnesia  is  then  precipitated  by  means  of  barytes,  the  alkalies, 
the  new-formed  salt  of  barytes,  and  the  excess  of  the  caustic 
barytes  added  remaining  in  solution.  By  the  addition  of  car- 
bonate of  ammonia  the  whole  of  the  barytes  is  removed  from  the 
solution  which  contains  now  the  fixed  alkalies,  the  ammoniacal 
salt  formed,  and  the  excess  of  the  carbonate  of  ammonia  added. 

The  ammoniacal  salts  are  then  removed  by  evaporating  the 
solution  to  dryness  and  igniting  the  residue;  the  ignited  residue 
consists  of  the  fixed  alkalies  alone.  This  method  of  separating  the 
barytes  has  this  advantage  over  that  of  effecting  the  removal  of 
this  earth  by  means  of  sulphuric  acid,  that  the  alkalies  are  obtained 
in  the  most  convenient  form  for  their  subsequent  individual  de- 
tection and  isolation,  viz.  as  chlorides. 

The  detection  of  the  ammonia  requires,  of  course,  a fresh  sample 
of  the  substance  under  examination. 

b.  DETECTION  OF  THE  ACIDS. 

Before  passing  over  to  the  examination  for  acids  and  electro- 
negative substances,  the  analyst  has  to  consider,  in  the  first  place, 
the  nature  of  the  detected  bases  and  the  class  to  which  the  sub- 
stance under  examination  belongs  with  respect  to  its  solubility  in 
water  or  acids,  since  he  may  infer  from  these  considerations  which 
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of  the  acids  and  electro-negative  bodies  may,  and  which  cannot 
be  present,  and  may  thus  save  himself  the  trouble  of  making  un- 
necessary experiments.  I refer  the  student  upon  this  point  to  the 
table  which  will  be  found  in  the  appendix,  and  in  which  the 
various  compounds  are  arranged  according  to  their  several  degrees 
of  solubility  in  water  and  acids.  The  general  reagents  applied  for 
the  detection  of  the  acids  are,  for  the  inorganic  acids,  chloride 
of  barium  and  nitrate  of  silver  for  the  organic  acids ; 
chloride  of  calcium  and  perchloride  of  iron.  It  is  there- 
fore indispensable  that  the  analyst  should  first  assure  himself 
whether  he  has  to  operate  upon  a substance  containing  inorganic 
acids  alone,  or  organic  acids  alone,  or  both  together.  In  the  ex- 
amination for  bases,  the  general  reagents  serve  to  effect  the  actual 
separation  of  the  several  groups  of  bases  from  one  another ; but 
in  the  examination  for  acids,  they  serve  simply  to  demonstrate 
the  presence  or  absence  of  the  acids  belonging  to  the  different 
groups. 

Let  us  suppose  we  have  an  aqueous  solution  containing  the 
whole  of  the  acids  in  combination  with  soda,  for  instance. 

Barytes  forms  insoluble  compounds  with  sulphuric  acid,  phos- 
phoric acid,  arsenious  acid,  arsenic  acid,  carbonic  acid,  silicic 
acid,  boracic  acid,  chromic  acid,  oxalic  acid,  tartaric  acid,  and 
citric  acid;  these  compounds  are  soluble  in  hydrochloric  acid, with 
the  exception  of  sulphate  of  barytes.  If  therefore  to  a portion  of 
a neutral  solution,  we  add 


1 . Chloride  of  barium , 


the  formation  of  a precipitate  will  at  once  reveal  the  presence  of  at 
least  one  of  these  acids.  Upon  treating  the  precipitate  formed 
with  hydrochloric  acid,  the  presence  of  sulphuric  acid  will  be- 
come manifest,  since  all  the  salts  of  barytes  are  soluble  in  this 
menstruum,  with  the  exception  of  the  sulphate.  When  sul- 
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[>lmte  of  barytes  is  present,  the  reaction  with  chloride  of  barium 
fails  to  effect  the  positive  detection  of  the  whole  of  the  other  acids 
enumerated.  For  upon  filtering  the  hydrochloric  solution  of  the 
precipitates  and  supersaturating  the  filtrate  subsequently  with 
ammonia,  the  borate,  tartrate,  citrate,  &c«  of  barytes  do  not  pre- 
cipitate again,  being  kept  in  solution  by  the  sal  ammoniac  formed. 
Chloride  of  barium,  therefore,  cannot  serve  to  effect  the  actual 
separation  of  the  several  acids  from  one  another,  and  is  there- 
fore of  no  use  for  their  individual  detection,  except  for  sul- 
phuric acid.  It  is,  however,  of  great  importance  as  a reagent, 
since  the  non-formation  of  a precipitate  in  neutral  or  alkaline  solu- 
tions, upon  its  application,  proves  at  once  the  absence  of  a consi- 
derable number  of  acids. 

Silver  forms  compounds  insoluble  in  water,  with  chlorine, 
iodine,  bromine,  and  cyanogen ; and  the  oxide  of  silver,  with 
phosphoric  acid,  arsenious  acid,  arsenic  acid,  boracic  acid,  chromic 
acid,  silicic  acid,  oxalic  acid,  tartaric  acid,  and  citric  acid.  The 
whole  of  these  compounds  are  soluble  in  ammonia,  with  the 
solitary  exception  of  iodide  of  silver,  and  in  nitric  acid,  with  the 
exception  of  iodide,  chloride,  bromide,  and  cyanide  of  silver.  If, 
therefore,  we  add  to  our  solution  which,  for  the  reason  just  now 
stated,  must  be  perfectly  neutral, 


2.  Nitrate  of  silver, 


the  ensuing  precipitation  reveals  at  once  the  presence  of  one  or 
several  of  the  acids  enumerated ; chromic  acid,  arsenic  acid,  and 
several  other  acids,  of  which  the  silver  salts  are  colored,  may 
even  be  individually  recognized  with  a certain  degree  of  safety, 
from  the  color  of  the  precipitate.  Upon  treating  the  precipitate 
with  nitric  acid,  the  presence  ol  the  haloid  compounds  becomes 
manifest,  since  these  remain  undissolved,  whilst  the  whole  of  the 
salts  of  the  oxide  dissolve.  Nitrate  of  silver  fails  to  effect  the  com- 
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plete  separation  of  those  acids  which  form  insoluble  compounds  with 
oxide  of  silver,  for  the  same  cause  which  renders  the  separation  of 
acids  by  chloride  of  barium  uncertain,  viz.  the  ammoniacal  salt 
formed  prevents  the  reprecipitation  by  ammonia,  of  several  of  the 
salts  of  silver,  from  the  acid  solution.  Nitrate  of  silver,  besides 
effecting  the  separation  of  chlorine,  iodine,  bromine,  and  cyanagen, 
and  indicating  the  presence  of  chromic  acid,  &c.,  serves  also 
like  the  chloride  of  barium,  to  demonstrate  at  once  the 
absence  of  a great  many  acids  from  neutral  solutions  which  it 
fails  to  precipitate.  The  deportment  which  the  solution  under 
examination  exhibits  with  chloride  of  barium  and  with  nitrate  of 
silver  indicates,  therefore,  at  once  the  further  course  of  the 
investigation.  Thus,  for  instance,  if  chloride  of  barium  has  pro- 
duced a precipitate,  whilst  nitrate  of  silver  has  failed  to  do  so,  it 
is  not  necessary  to  test  for  phosphoric  acid,  chromic  acid,  boracic 
acid,  silicic  acid,  arsenious  acid,  arsenic  acid,  oxalic  acid,  tartaric 
acid,  and  citric  acid,  provided  always  the  solution  contains 
no  ammoniacal  salts.  The  same  is  the  case  if  we  obtain  a 
precipitate  by  nitrate  of  silver,  but  none  by  chloride  of  barium. 
Returning  to  our  first  supposition,  viz.,  that  the  whole  of  the 
acids  are  present  in  the  solution  under  examination,  we  have  now 
detected  chlorine,  bromine,  iodine,  and  cyanogen,  (for  the 
separation  and  individual  detection  of  these  substances,  I refer  to 
§101.  Additions  and  remarks,)  and  likewise  sulphuric  acid, 
and  we  have  reason  to  test  for  all  the  other  acids  precipitated 
by  these  two  reagents.  The  detection  of  these  acids  is  based 
upon  the  results  of  a series  of  special  experiments,  which 
have  already  been  fully  described  and  explained  in  the  course  of 
the  present  work : the  same  remark  applies  to  the  rest  of  the  inor- 
ganic acids,  and  thus  to  nitric  acid  and  chloric  acid. 

Of  the  organic  acids,  oxalic  acid,  tartaric  acid,*  and  paratartaric 
acid,  are  precipitated  by  chloride  of  calcium,  from  aqueous  neutral 
solutions,  in  the  cold,  even  though  sal  ammoniac  be  present ; but 

* The  tartrate  of  lime  separates  only  after  the  lapse  of  sometime. 
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the  precipitation  of  citrate  of  lime  is  prevented  hy  the  presence  of 
ammoniacal  salts,  and  ensues  only  upon  ebullition  or  mixing  the 
solution  with  alcohol ; alcohol  serves  also  to  effect  the  separa- 
tion of  malate  of  lime  from  aqueous  solutions.  Accordingly  upon 
adding  to  our  solution, 


8.  Chloride  of  calcium  and  sal  ammoniac, 


oxalic  acid,  tartaric  acid,  and  paratartaric  acid  are  pre- 
cipitated, hut  the  lime-salts  of  several  inorganic  acids,  which  have 
not  yet  been  separated,  (phosphate  of  lime  for  instance,)  pre- 
cipitate conjointly  with  the  lime-salts  of  the  organic  acids.  We 
must  therefore  select,  for  the  individual  detection  of  the  precipi- 
tated organic  acids,  such  reactions  only  as  do  not  admit  the 
possibility  of  confounding  the  organic  with  the  inorganic  acids 
which  have  likewise  precipitated.  For  the  detection  of  oxalic 
acid  we  select  solution  of  gypsum  in  conjunction  with 
acetic  acid  (§  9(J.  c.  5.)  ; to  effect  the  detection  of  tartaric  and 
paratartaric  acid,  we  treat  the  precipitate  produced  by  chloride  of 
calcium  with  solution  of  potass,  since  the  lime-salt  of  these  two 
acids  alone  are  soluble  in  this  menstruum,  in  the  cold,  whilst  the 
whole  of  the  other  insoluble  lime-salts  remain  undissolved. 

Of  the  organic  acids  we  have  now  still  in  solution  citric  acid 
and  malic  acid,  succinic  acid  and  benzoic  acid,  acetic  acid  and 
formic  acid.  Citric  acid  and  malic  acid  precipitate  upon  ad- 
dition of  alcohol  to  the  fluid  filtered  off  from  the  oxalate,  tartrate, 
&c.,  of  lime,  and  which  contains  still  an  excess  of  chloride  of 
calcium.  Sulphate  and  borate  of  lime  precipitate  invariably  con- 
jointly with  the  malate  and  citrate  of  lime,  if  sulphuric  acid  and 
boracic  acid  happen  to  be  present ; we  must  therefore  carefully 
guard  against  confounding  the  lime  precipitates  of  these  acids 
with  those  of  citric  acid  and  malic  acid.  The  alcohol  is  now  re- 
moved by  evaporation,  and 
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4.  Per  chloride  of  iron 

added.  This  reagent  precipitates  succinic  acid  and  benzoic 
acid  in  combination  with  peroxide  of  iron,  whilst  formic  acid 
and  acetic  acid  remain  in  solution.  The  methods  which  serve 
to  effect  the  separation  of  the  several  groups  from  one  another,  and 
the  individual  detection  of  the  various  acids,  have  been  fully  de- 
scribed and  explained  in  the  former  part  of  this  work. 

B.  Special  remarks  and  additions  to  the  systematic 

COURSE  OF  ANALYSIS. 

To  § 117. 

At  the  commencement  of  § 117,  the  analyst  is  directed  to  mix 
neutral  or  acid  aqueous  solutions  with  hydrochloric  acid.  This 
acid  is  to  be  added  drop  by  drop.  If  no  precipitate  forms,  a few 
drops  are  sufficient,  since  the  only  object  in  that  case  is,  to  acidify 
the  fluid,  in  order  to  prevent  the  subsequent  precipitation  of  the 
metals  of  the  iron  group,  by  sulphuretted  hydrogen  ; if  a precipi- 
tate is  formed,  the  addition  of  the  hydrochloric  acid  is  to  be  con- 
tinued until  the  precipitate  ceases  to  increase,  and  the  fluid  has 
acquired  a distinctly  acid  reaction.  Instead  of  this  course  of  pro- 
ceeding, some  chemists  have  proposed  to  acidify  a fresh  sample  of 
the  solution  under  examination,  with  nitric  acid.  However,  dis- 
regarding even  the  fact  that  nitric  acid  likewise  produces  precipi- 
tates in  many  cases,  (in  solution  of  tartar  emetic,  for  instance),  I 
prefer  the  use  of  the  hydrochloric  acid,  and  this  for  the  following 
reasons: — 1.  Metals  are  more  readily  precipitated  by  sulphu- 
retted hydrogen,  from  solutions  acidified  with  hydrochloric  acid, 
than  from  solutions  acidified  with  nitric  acid ; — 2.  In  cases  where 
the  solution  contains  silver,  protoxide  of  mercury,  or  lead,  the 
further  analysis  is  materially  facilitated  by  the  total  or  partial 
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precipitation  of  these  three  metals  in  the  form  of  chloride  ; — and 
3.  This  form  is  the  best  adapted  for  the  individual  detection 
of  these  three  metals  when  present  conjointly  in  the  same  solution. 
J3esides,  the  application  of  the  hydrochloric  acid  saves  the 
necessity  of  examining  whether  mercury,  which  may  he  subse- 
quently detected  conjointly  with  the  other  metals  of  the  filth 
group,  was  originally  present  in  the  form  of  peroxide  or  in  that  ol 
protoxide.  That  the  analyst  obtains  part  of  the  lead  in  the  form 
of  a chloride,  and  the  rest  subsequently  in  the  precipitate  pro- 
duced by  sulphuretted  hydrogen  in  the  acidified  solution,  can 
hardly  be  thought  to  militate  against  the  application  of  this 
method,  since  he  may,  of  course,  omit  the  further  examination 
for  lead,  if  he  detects  this  metal  in  the  precipitate  produced  by  the 
hydrochloric  acid. 

A basic  salt,  of  antimony,  for  instance,  may  be  separated  by  the 
hydrochloric  acid  from  tartar  emetic,  or  some  other  analogous 
compound,  and  precipitate  in  conjunction  with  the  insoluble 
chloride  of  silver  and  mercury,  and  the  sparingly  soluble  chloride 
of  lead.  This  precipitate,  however,  redissolves  readily  in  the 
excess  of  the  hydrochloric  acid  which  is  subsequently  added, 
and  exercises  therefore  no  influence  whatever  upon  the  further 
process.  The  application  of  heat  to  the  acidified  fluid  is  neither 
necessary  nor  even  advisable,  since  it  might  cause  the  conversion 
of  a little  of  the  precipitated  protochloride  of  mercury  into 
bichloride.  Should  bismuth  or  chloride  of  antimony  be  present, 
the  addition  of  the  water,  used  to  wash  the  precipitate  pro- 
duced by  the  hydrochloric  acid,  to  the  first  filtrate,  causes  tur- 
bidity if  the  amount  of  free  hydrochloric  acid  present  is  not 
sufficiently  copious  to  prevent  the  separation  of  the  basic  salt. 
This  turbidity  exercises,  however,  no  influence  upon  the  further 
process,  since  sulphuretted  hydrogen  as  I’eadily  converts  these 
finely-divided  precipitates  into  sulphurets,  as  if  the  metals  were  in 
actual  solution.  In  the  case  of  alkaline  solutions,  the  addition  of 
the  hydrochloric  acid  is  to  be  continued  until  the  fluid  acquires  a 
strongly  acid  reaction.  The  hydrochloric  acid  neutralizes  the 
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substance  which  causes  the  alkaline  reaction  of  the  fluid,  and 
the  bodies  which  may  be  dissolved  in  it,  and  combined  with 
it,  separate.  If  the  alkali  was  present  in  a free  state,  oxide 
of  zinc,  for  instance,  or  alumina,  &c.,  may  precipitate.  But 
these  oxides  redissolve  in  an  excess  of  the  hydrochloric  acid; 
the  chloride  of  silver,  on  the  contrary,  would  not  redissolve, 
and  chloride  of  lead  only  with  difficulty.  If  a metallic  sulphur 
salt  happen  to  be  the  cause  of  the  alkaline  reaction,  the  electro- 
negative sulpliuret  (e.  g.  sulphuret  of  antimony)  precipitates  upon 
the  addition  of  the  hydrochloric  acid ; whilst  the  electro-positive 
sulphuret  (e.  g.  sulphuret  of  sodium)  transposes  with  the  consti- 
tuents of  hydrochloric  acid  to  chloride  of  sodium  and  sulphuretted 
hydrogen.  If  an  alkaline  carbonate,  or  a cyanide  or  an  alkaline 
sulphuret,  happen  to  be  the  cause  of  the  alkaline  reaction,  car- 
bonic acid,  hydrocyanic  acid,  or  sulphuretted  hydrogen  escape. 
All  these  phenomena  should  be  carefully  observed  by  the  analyst, 
since  they  not  only  indicate  the  presence  of  certain  substances, 
but  demonstrate  also  the  absence  of  certain  groups  of  bodies. 

To  § 118. 

I have  already  had  occasion  to  remark,  that  upon  adding  a 
reagent  (e.  g.  sulphuretted  hydrogen)  to  a fluid  under  examina- 
tion, precipitation  may  or  may  not  ensue.  The  precipitate  pro- 
duced, (by  sulphuretted  hydrogen,  for  instance,)  may  be  white , or 
yellow , or  orange,  or  brown , or  black.  Every  one  of  these  several 
cases  is  a different  answer  returned  to  the  question  which  the 
analyst  has  put  by  means  of  the  reagent,  and  every  one  of  these 
replies  has  a different  meaning.  Correct  observation  and  accurate 
apprehension  and  respective  distinction  of  the  several  cases,  is, 
therefore,  indispensable.  Any  mistake  in  this  respect  leads  to 
fallacious  results. 

The  color  of  the  precipitate  is  almost  invariably  pointed  out 
as  a criterion  in  the  systematic  course  of  analysis.  We  may  pre- 
sume that  a darker  precipitate  will  sometimes  conceal  one  of  a 
lighter  color,  e.  g.  that  a precipitate  of  black  sulphuret  of  mercury 
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may  conceal  from  view  a precipitate  of  yellow  sulphuret  of  arse- 
nic ; and  on  the  other  hand,  we  may  conclude,  that  alight-colored 
precipitate  cannot  hide  one  of  darker  hue,  and  thus,  for  instance, 
that  a white  precipitate  cannot  conceal  a black  one.  Conclu- 
sions of  this  kind  cannot,  however,  always  be  drawn  with  the  same 
degree  of  positive  certainty,  since  few  colors  offer  the  pointed  con- 
trast of  black  and  white,  and  many  of  them  rather  merge  into  each 
other,  e.  g.  yellow  and  orange.  In  all  cases  where  the  indications 
afforded  by  the  color  of  a precipitate  are  at  all  doubtful,  it  is 
advisable  to  pursue  that  course  which  the  darker  of  the  colors  in 
question  indicates,  since  this  course  comprises  the  whole  of  the 
metals  which  can  possibly  have  precipitated,  whilst  the  other  course 
excludes  the  precipitates  of  darker  color.  The  most  comprehensive 
course  is  invariably  the  best,  although  it  may  be  the  most  pro- 
tracted and  circuitous. 

A judicious  distribution  and  economy  of  time  is  especially  to 
be  studied  in  the  practice  of  analysis;  many  of  the  operations 
may  be  carried  on  simultaneously,  which  the  student  will  readily 
perceive  and  arrange  for  himself. 

In  cases  where  the  analyst  has  to  deal  simply  with  metallic 
oxides  of  the  sixth  group,  (e.  g.  oxide  of  antimony,)  and  of  the 
fourth  group,  (e.  g.  the  oxides  of  iron,)  he  need  not  precipitate 
the  acidified  solution  with  sulphuretted  hydrogen,  but  may  at  once 
add  liydrosulphuret  of  ammonia  in  excess  to  the  neutralized  solu- 
tion. The  sulphuret  of  iron,  &c.,  will  in  that  case  precipitate, 
whilst  the  antimony,  &c.,  will  remain  in  the  solution,  from  which 
they  will,  upon  subsequent  addition  of  an  acid,  at  once  precipitate 
as  sulphuret  of  antimony,  &c.  This  method  has  the  advantage  of 
rendering  the  fluid  less  dilute  than  is  the  case  when  sulphuretted 
hydrogen  is  used,  and  moreover  of  facilitating  and  accelerating  the 
operation.  I must,  finally,  remind  the  student  once  more,  that 
the  perfect  purity  of  the  reagents  and  the  application  in  correct 
quantity,  rank  amongst  the  most  indispensable  conditions  of  suc- 
cessful analysis.  This  applies  more  particularly  to  sulphuretted 
hydrogen,  especially  when  applied  in  the  gaseous  form.  Students 
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in  such  cases,  often  lose  sight  of  the  circumstance  that  sul- 
phuretted hydrogen  gas  fails  to  precipitate  highly  acid  solutions 
unless  they  he  previously  diluted  with  water. 

To  § 119. 

The  digestion  of  the  precipitates  from  acid  solutions  which 
sulphuretted  hydrogen  has  thrown  down,  requires  above  all  that 
the  digesting  agent,  (the  hydrosulphuret  of  ammonia)  be  applied 
in  correct  proportion.  A small  quantity  is  generally  sufficient, 
but  should  protosulphuret  of  tin  be  present,  a somewhat  larger 
amount  is  required.  Inexperienced  students,  however,  use  fre- 
quently so  much  of  it  „ that,  upon  the  subsequent  addition  of  an 
acid,  sulphur  separates  to  such  an  amount  that  the  color  of  the 
precipitated,  electro-negative  sulphuret,  is  quite  obscured  and  con- 
cealed by  it.  The  separation  and  individual  detection  of  antimony, 
tin,  and  arsenic,  is  not  a very  easy  task,  if  these  three  metals  have 
been  precipitated  conjointly  as  sulphurets.  Inexperienced  stu- 
dents will  find  it  difficult  to  distinguish  between  these  before  the 
blow-pipe.  Of  the  many  methods  that  may  serve  to  distinguish 
between  antimony,  tin,  and  arsenic,  when  present  conjointly  as 
sulphurets,  that  given  at  § 119  has  been  proved  the  safest  by  ex- 
perience. If  sulphuret  of  arsenic,  sulphuret  of  antimony,  and 
sulphuret  of  tin,  are  deflagrated  with  an  excess  of  nitrate  of 
potass  and  carbonate  of  soda,  the  metals  and  the  sulphur  oxidize 
at  the  expense  of  the  oxygen  of  the  nitric  acid  : the  fused  mass 
contains  accordingly  alkaline  arseniate,  antimoniate,  sulphate,  and 
stannate,  besides  the  excess  of  nitre  and  carbonate  of  soda.  Upon 
treating  the  mass  with  water,  the  alkaline  sulphate  and  arseniate 
are  dissolved ; the  alkaline  antimoniate  is  decomposed  in  such  a 
manner,  that  an  insoluble  acid  salt  remains,  whilst  a small 
amount  of  antimonic  acid  dissolves  in  the  form  of  a basic  salt.  A 
portion  of  the  peroxide  of  tin  also  dissolves  in  the  alkaline  car- 
bonate present.  If  boiling  water  is  used,  the  amount  of  the  dis- 
solved antimonic  acid  and  peroxide  of  tin  is  not  inconsiderable, 
whilst  it  is  only  very  minute  if  cold  water  is  used  ; the  latter 
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is  therefore  preferable  in  this  operation  to  boiling  water.  If  the 
alkaline  solution  obtained  is  now  saturated  with  nitric  acid,  and 
heat  applied,  the  dissolved  peroxide  of  tin  and  antimonic  acid 
precipitate ; this  precipitate,  however,  is  never  free  from  admix- 
ture of  arsenic.  This  will  show  how  carefully  the  analyst  ought 
to  avoid  getting  much  peroxide  of  tin  or  antimonic  acid  in  solu- 
tion. The  neutral  or  slightly  acidified  fluid,  which  is  filtered  off 
from  the  precipitate,  contains  now  still  alkaline  arseniate  and  sul- 
phate. § 110  directs  one  portion  of  this  filtrate  to  be  tested  with 
solution  of  nitrate  of  silver  in  conjunction  with  ammonia,  and 
another  portion  with  solution  of  acetate  of  lead.  Since  the  fluid 
must  be  perfectly  neutral  to  render  the  arseniate  of  silver  visible, 
and  since  it  is  not  always  easy  to  hit  upon  the  exact  neutral- 
ization point,  the  fluid,  as  stated  at  § 119  is,  after  the  addition  of 
the  solution  of  nitrate  of  silver,  covered  with  a layer  of  dilute 
ammonia.  This  is  the  most  efficient  method  of  producing  a pre- 
cipitate when  but  small  quantities  of  arsenic  are  present.  Upon 
precipitating  with  solution  of  acetate  of  lead  a mixture  of  sulphate 
and  arseniate  of  lead  is  obtained.  The  presence  of  the  sulphate 
of  lead  increases  the  bulk  of  the  precipitate,  and  thus  renders  its 
collection  and  subsequent  examination  before  the  blow-pipe  a task 
of  greater  facility  than  would  be  the  case  with  the  simple  arseniate 
of  lead ; it  increases  moreover  the  bulk  of  the  button.  Although 
these  reactions  may  be  considered  fully  to  demonstrate  the  pre- 
sence of  arsenic,  yet  the  production  of  an  arsenical  mirror  is, 
after  all,  the  only  conclusive  proof  of  the  presence  of  that  metal. 

The  residue  of  tin  and  antimony  which  remains  upon  treating  the 
deflagrated  mass  with  water,  must  be  thoroughly  washed,  and  thus 
freed  from  every  particle  of  nitrate  of  potass  adhering  to  it, 
before  it  can  safely  be  fused  with  cyanide  of  potassium  ; otherwise 
explosions  will  take  place,  (§  102.  a.  4.)  which  may  not  simply 
scatter  the  sample,  but  hurt  the  operator  himself. 

To  § 120. 

Upon  heating  the  sulphurets  of  the  second  section  of  the  fifth 
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group  to  ebullition  with  nitric  acid,  lead,  bismuth,  copper,  and 
cadmium,  oxidize  at  the  expense  of  a portion  of  the  nitric  acid, 
which  is  resolved  into  nitric  oxide  and  oxygen ; the  sulphur  sepa- 
rates, and  the  new-formed  oxides  combine  with  another  portion  of 
the  nitric  acid  to  soluble  nitrates.  Sulpliuret  of  mercury,  on  the 
other  hand,  is  not  decomposed  by  nitric  acid,  unless  a chloride  be 
present,  owing  to  imperfect  washing.  Ammonia  decomposes  the 
whole  of  the  dissolved  metallic  nitrates.  But  the  oxides  of  lead 
and  bismuth  are  insoluble  in  the  excess  of  ammonia,  whilst  those 
of  cadmium  and  copper  dissolve  in  an  excess  of  this  reagent. 
Ammonia  affords  us,  therefore,  a means  both  of  testing  the  solu- 
tion for  the  oxides  of  lead  and  bismuth,  and  of  removing  these 
oxides  from  it.  The  presence  of  oxide  of  copper  is  also 
indicated  by  this  reagent,  the  ammonio-nitrate  of  copper,  which 
forms  upon  its  addition,  imparting  a blue  color  to  the  fluid  under 
examination.  The  method  of  distinguishing  between  the  lead, 
bismuth,  copper,  and  cadmium,  and  effecting  the  separation  of 
these  four  metals  from  one  another,  have  already  been  sufficiently 
described  and  explained  at  § 92.  (recapitulation  and  remarks.) 
With  regard  to  the  detection  of  bismuth,  I have  to  observe,  that 
this  miscarries  invariably  if  the  excess  of  acid  present  is  at  all 
notable.  The  best  way  of  limiting  the  excess  of  the  acid  to  the  lowest 
possible  amount,  is  that  described  at  § 120.  But  if  the  analyst 
contents  himself  with  evaporating  only  nearly  to  dryness,  so  much 
free  acid  remains  frequently  that  the  separation  of  a basic  salt 
cannot  be  accomplished. 

Besides  the  methods  given  at  § 92,  (recapitulation  and  remarks,) 
and  at  § 120,  to  distinguish  between  cadmium,  copper,  lead,  and 
bismuth,  the  following  method  yields  very  satisfactory  results. 
Carbonate  of  potass  is  added  to  the  nitric  acid  solution  as  long  as 
a precipitate  continues  to  form ; solution  of  cyanide  of  potassium 
in  excess  is  then  added,  and  heat  applied.  This  effects  the  com- 
plete separation  of  lead  and  bismuth  in  the  form  of  carbonates,  whilst 
copper  and  cadmium  are  obtained  in  solution  as  the  double  cya- 
nides of  copper  and  potassium,  and  cadmium  and  potassium.  Lead 
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and  bismuth  may  now  be  readily  separated  from  one  another  by 
means  of  sulphuric  acid.  The  separation  of  the  copper  from  the 
cadmium  is  effected  by  adding  to  the  solution  of  the  cyanides  of 
these  two  metals  in  cyanide  of  potassium,  sulphuretted  hydrogen 
in  excess,  applying  heat;  and  adding  subsequently  some  more 
cyanide  of  potassium,  in  order  to  redissolve  the  sulpliuret 
of  copper,  which  may  have  precipitated  conjointly  with  the 
sulpliuret  of  cadmium.  A yellow  precipitate  (sulpliuret  of  cad- 
mium) which  is  insoluble  in  cyanide  of  potassium,  demonstrates 
the  presence  of  cadmium.  The  fluid  is  filtered  off  from  this  pre- 
cipitate, and  hydrochloric  acid  subsequently  added  to  the  filtrate  ; 
when  the  formation  of  a black  precipitate  (sulpliuret  of  copper) 
will  demonstrate  the  presence  of  copper.  The  presence  of  mercury 
might  indeed  be  considered  sufficiently  demonstrated  by  the  black 
residue  which  remains  upon  treating  the  sulpliuret  with  nitric  acid. 
The  eliminated  sulphur,  however,  envelops  frequently  small  par- 
ticles of  the  other  black  sulphurets,  and  appear  for  this  reason 
black  here  and  there,  and  in  some  instances  also  heavy,  from  a 
mixture  of  sulphate  of  lead,  (formed  by  the  action  of  the  nitric  acid 
upon  the  sulpliuret  of  lead).  It  is  therefore  indispensable  to 
subject  every  residue  remaining  upon  ebullition  with  nitric  acid  to 
further  examination,  unless  the  residue  consists  of  pure  yellow 
sulphur,  which  mostly  floats  upon  the  fluid.  The  test  with  clean 
copper  is  most  convenient  and  expeditious.  I have  to  remark, 
however,  that  the  application  of  this  test  gives  more  frequently 
rise  to  fallacious  results  than  the  reaction  with  protochloride  of 
tin.  With  regard  to  the  latter,  it  is  indispensable  that  the  reagent 
be  pure,  and  that  the  solution  of  mercury  contain  no  longer  any 
nitric  acid  If  the  protoxide  of  mercury  has  been  separated  first 
by  hydrochloric  acid,  the  precipitate  of  sulpliuret  of  mercury  which 
forms  upon  the  addition  of  sulphuretted  hydrogen,  corresponds 
invariably  to  the  peroxide,  perchloride,  Ac.  of  mercury.  If  the 
analyst  has  to  deal  with  an  aqueous  solution,  or  with  a solution  in 
verv  dilute  hvdrocldoric  acid,  he  has  to  consider  that  the  mercury 
was  originally  present  in  the  analysed  substance,  in  the  form  of 
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peroxide,  perchloride,  &c. : but  in  tlie  case  of  a nitric  acid  solu- 
tion, the  mercury  may  have  originally  existed  as  protoxide,  and 
subsequently  acquired  a higher  degree  of  oxidation. 


To  § 121 . 

The  precipitate  produced  by  hydrosulphuret  of  ammonia  may, 
as  already  stated,  consist  of  sulphurets,  of  oxides,  and  of  the 
phosphates  of  the  alkaline  earths,  phosphate  of  alumina,  oxalate 
of  lime,  (barytes  and  strontia).  The  borates  of  the  alkaline  earths 
and  the  oxalate  of  magnesia  would,  also,  precipitate,  were  they 
not  retained  in  solution  by  the  sal  ammoniac  formed  in  the  fluid 
or  added  to  it.  It  is  a matter  of  perfect  indifference,  as  regards 
the  final  results  of  this  operation,  whether  a precipitate  forms  or 
not,  upon  the  simple  addition  of  ammonia,  since  hydrosulphuret 
of  ammonia  decomposes  the  recently  precipitated  hydrated  oxides 
of  iron,  &c.  without  difficulty.  Nor  can  any  positive  inference 
respecting  the  presence  or  absence  of  certain  metals  and  compounds 
be  drawn  from  this  reaction,  unless  the  sulphuretted  hydrogen 
were  previously  altogether  removed  from  the  fluid,  which 
would  be  an  unnecessary  waste  of  time.  Upon  dissolving  the 
precipitate  in  hydrochloric  acid,  or  in  aqua  regia,  the  metallic  sul- 
phurets and  the  hydrated  oxides  are  converted  into  soluble  chlo- 
rides, whilst  the  phosphates  and  oxalates  dissolve  apparently 
without  decomposition.  If  to  this  acid  solution  ammonia  is  added, 
the  phosphates  and  oxalates  are  re- precipitated,  and,  conjointly 
with  them,  alumina,  oxide  of  chromium,  and  peroxide  of  iron  fall 
down,  since  these  oxides  do  not  (like  the  oxides  of  manganese, 
nickei,  cobalt,  and  zinc)  form  soluble  double  compounds  with 
ammoniacal  salts.  This  precipitation  by  ammonia,  in  presence  of 
sal  ammoniac,  may  serve  to  effect  the  separation  and  individual 
detection  of  the  whole  of  the  enumerated  substances.  I 
myself  pursued  this  method  formerly ; but  I have  aban- 
doned it  now,  since  in  cases  where  comparatively  small  quan 
tides  only  of  zinc,  cobalt,  nickel,  and  manganese  happen  to  be 
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present,  the  oxides  of  tliese  metals  are  liable  to  precipitate  wholly 
in  conjunction  with  peroxide  of  iron  or  alumina,  and  thus  to  escape 
detection.  In  § 121.  we  have  two  distinct  cases,  of  which  the 
first  ( formation  of  a white  precipitate)  requires  no  further  ex- 
planation, especially  as  it  is  included  in  the  second,  ( formation  of 
a dark  coloured  precipitate) . The  second  case  is  again  ar- 
ranged under  two  heads,  according  to  the  respective  presence  or 
absence  of  phosphates  or  of  oxalates  of  the  alkaline  earths.  For  the 
latter  compounds  the  still  slightly  acid  solution  is  tested  with  per- 
chloride  of  iron,  chloride  of  calcium,  and  acetate  of  potass.  The 
concurrent  application  of  these  reagents  forms,  as  will  be  seen  at  a 
glance,  a double  test  for  both  phosphoric  and  oxalic  acid.  The  prin- 
ciple of  the  examination  for  phosphoric  acid  has  been  explained  al- 
ready at  § 99.  a.  The  principle  whereon  the  examination  for  the  ox- 
alic acid  is  based  is  this  : — Upon  addition  of  acetate  of  potass  to 
the  hydrochloric  acid  solution  of  oxalate  of  lime,  chloride  of  potas- 
sium is  formed  and  acetic  acid  liberated;  the  acetic  acid  being  un- 
able to  keep  the  oxalate  of  lime  in  solution,  this  salt  precipitates. 

The  principle  of  the  method  described  in  case  a .,  to  effect  the 
individual  detection  of  the  metals  of  the  third  and  fourth  group, 
is  exceedingly  simple.  It  is  based  upon  the  separation  of  the 
alumina  and  oxides  of  zinc,  which  are  soluble  in  boiling  potass 
ley,  from  the  oxide  of  iron,  manganese,  nickel,  cobalt,  and  chro- 
mium, which  are  insoluble  in  that  menstruum.  For  the  subse- 
quent separation  and  individual  detection  of  the  latter  oxides,  I 
refer  to  §§  88.  and  89. 

The  presumption  in  case  b.  is,  that  the  presence  of  the  phos- 
phates or  oxalates  of  the  alkaline  earths  might  interfere  with  tliese 
individual  detections.  The  student  is  therefore  instructed,  in  that 
place,  to  shake  the  fluid  in  the  first  place  with  carbonate  of  lime  ; 
this  effects  the  neutralization  of  the  free  acid,  which  maintains  the 
oxalates  and  phosphates  of  the  alkaline  earths  in  solution,  and 
consequently  the  precipitation  of  these  salts.  This  operation 
effects,  moreover,  the  precipitation  of  the  peroxide  of  iron,  which 
may  be  present  in  the  solution,  since  this  oxide  is  insoluble  in 
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perfectly  neutral  fluids.  It  will  be  readily  seen  that  this  method 
of  removing  the  peroxide  of  iron  may  he  advantageously  resorted 
to  in  cases  where  the  presence  of  a certain  amount  of  that  oxide 
might  interfere  with  the  detection  of  the  manganese,  nickel,  and 
cohalt. 

The  method  of  examining  for  oxalic  acid,  which  is  given  at 
§ 121.  2.  b.  a.,  and  based  upon  the  circumstance  that,  when  oxalic 
acid  (C2  03)  comes  into  contact  with  peroxide  of  manganese 
(Mn  02)  and  free  acid,  (sulphuric  acid,)  protosulphate  of  man- 
ganese is  formed,  whilst  the  liberated  equivalent  of  oxygen  com- 
bines with  the  constitutents  of  the  oxalic  acid,  to  two  equivalents 
of  carbonic  acid,  (Mn  02  + S03  + C2  03)— (Mn  O,  S03-f2 
C02.)  The  decomposition  of  the  oxalic  acid  in  § 121.  2.  b.  a. 
Pfi.  rests  upon  the  same  principle. 


To  § 130. 

The  third  class  of  substances  has  no  strictly  definable 
limits,  as  the  solubility  or  insolubility  of  several  compounds  be- 
longing to  it  depends  very  much  upon  the  quantity  and  concen- 
tration of  the  acid  and  the  time  of  boiling.  Besides  the  difficultly 
soluble  substances  enumerated,  the  analyst  has  to  look  particularly 
for  many  metallic  sulphurets  and  iodides,  which  dissolve  equally 
only  upon  continued  boiling  in  concentrated  hydrochloric  acid.  If 
a substance  dissolves  in  nitric  acid,  upon  long  protracted  ebullition, 
the  analyst  must  not  conclude  from  this,  that  protochloride  of  mer- 
cury is  absent,  since  this  substance,  as  I have  already  stated,  is  con- 
verted in  this  process  into  pernitrate  of  mercury  and  perchloride 
of  mercury,  and  is  thus  dissolved. 

Chloride  of  silver,  protochloride  of  mercury,  and  chloride  of  lead 
may  have  been  present  in  the  original  compound  in  the  form  of 
chloride,  or  may  have  been  converted  into  this  form  by  the  hydro- 
chloric acid.  The  presence  of  the  chloride  of  lead  has  in  that 
case  been  detected  already  in  the  aqueous  solution.  Whether  the 

two  other  chlorides  were  originally  present  in  that  form,  may  be 
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ascertained  in  the  following  manner : — The  substance  insoluble 
in  water  is  treated  with  dilute  nitric  acid.  This  effects  the  solution 
of  the  whole  of  the  salts  of  protoxide  of  mercury  and  oxide  of  silver, 
whilst  the  above  enumerated  chlorides  and  the  iodide  of  silver  re- 
main undissolved.  These  are  then  separated  by  means  of  am- 
monia, which  serves  at  the  same  time  to  effect  the  detection  of 
the  protochloride  of  mercury. 

The  decomposition  of  the  sulphates  of  the  alkaline  earths  may 
be  effected  also  in  the  humid  way  by  protracted  boiling  with  solu- 
tion of  carbonate  of  potass.  But  the  fusion  with  carbonate  of 
potass  and  soda,  yields  far  safer  results,  and  is  moreover  very  ex- 
peditious when  operating  upon  small  quantities.  This  method 
has  besides  this  advantage  over  the  decomposition  in  the  humid 
way  that  it  leads  to  the  positive  detection  of  the  presence  of  silicic 
acid. 

The  sulphates  of  the  alkaline  earths  are  decomposed  by  the 
alkaline  carbonates  in  such  a manner  that  carbonates  of  the  alkaline 
earths  and  sulphate  of  the  alkali  are  formed.  If  the  precipitate  of 
the  former  be  not  thoroughly  washed,  previously  to  its  solution  in 
hydrochloric  acid,  sulphates  of  the  alkaline  earths  will  again  be 
formed  by  the  action  of  the  sulphated  alkali  which  still  adheres  to 
the  precipitate  ; this  would  tend  to  vitiate  the  results  of  the  ex- 
periment, since,  for  instance,  all  the  barytes  dissolved  might  re- 
precipitate. 

Carbon  has  been  connected  with  this  third  class,  since  it  occurs 
sometimes  in  the  course  of  the  examination,  and  may  thus  become 
a great  obstacle  to  the  progress  of  the  inexperienced  student, 
should  he  be  unprepared  for  its  presence.  Graphite  is  dis- 
tinguished from  the  other  forms  of  carbon  by  its  difficult  combus- 
tion before  the  blow-pipe,  and  its  non-combustion  in  a platinum 
spoon ; besides  these  indications,  the  iron,  which  graphite  gene- 
rally contains  in  admixture,  denotes  its  presence. 


To  § 131. 

The  analysis  of  cyanogen  compounds  is  not  very  easy  in  certain 
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cases,  and  sometimes  it  is  indeed  extremely  difficult  to  ascertain 
even  whether  we  have  really  a cyanide  before  us  or  not.  If,  how* 
ever,  the  phenomena  which  the  substance  under  examination 
manifests  upon  ignition,  (§  107.  A.  1.2.)  he  carefully  observed, 
and  also,  whether  upon  ebullition  with  hydrochloric  acid  any  odor 
of  hydrocyanic  acid  is  emitted,  (§  109.  A.  2.)  the  presence  or 
absence  of  a cyanide  will  not  long  remain  a matter  of  doubt. 

It  must  now  above  all  be  borne  in  mind  that  the  insoluble  cya- 
nogen compounds  occurring  in  pharmacy,  &c.,  belong  to  two  quite 
different  classes.  They  are  either  simple  cyanides,  or  com- 

v 7 

POUNDS  OF  METALS  WITH  FERROCYANOGEN,  Or  with  SOine  Other 
analogous  compound  radical. 

All  the  simple  cyanides  are  decomposed  upon  boiling  with  con- 
centrated hydrochloric  acid,  into  metallic  chlorides  and  hydro- 
cyanic acid.  Consequently  their  analysis,  is  never  difficult.  The 
ferrocyanides,  &c.,  however,  (to  which  the  method  described  at 
§ 131.  refers  indeed  exclusively,)  undergo  by  acids  such  com- 
plicated decompositions  that  their  analysis  in  this  manner  is 
a task  not  so  easily  accomplished.  Their  decomposition  by  potass 
is  far  more  simple.  The  potass  yields  its  oxygen  to  the  metal 
combined  with  the  ferrocyanogen,  &c.,  the  oxide  precipitates,  and 
the  reduced  potassium  forms  soluble  ferrocyanide,  &c.  of  potassium 
with  the  liberated  radical.  But  several  oxides  are  soluble  in  an 
excess  of  caustic  potass,  such  as  oxide  of  lead,  oxide  of  zinc,  &c. 
If,  therefore,  the  double  ferrocyanide  of  zinc  and  potassium,  for 
instance,  be  boiled  with  caustic  potash,  it  will  completely  dissolve 
in  that  menstruum. 

Were  we  to  add  an  acid  to  this  solution,  we  should  simply  re- 
obtain our  original  precipitate  of  the  double  ferrocyanide  of  zinc 
and  potassium,  and  our  experiment  would  consequently  be  of  no 
avail.  To  prevent  this,  we  transmit  sulphuretted  hydrogen  through 
the  solution.  This  converts  the  whole  of  the  heavy  metals  which 
the  potass  contains  in  solution  as  oxides,  into  sulpburets.  These 
sulphurets  which  are  insoluble  in  potass,  such  as  sulphuret  of 
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lead,  sulphuret  of  zinc,  &c.,  precipitate,  whilst  those  which  are 
soluble  in  alkaline  sulphurets,  such  as  sulphuret  of  tin,  sulphuret 
of  antimony,  &c.,  remain  in  solution  ; these  latter  also  precipitate 
subsequently,  upon  the  addition  of  an  acid. 

The  fluid  filtered  off' from  the  precipitated  oxides  or  sulphurets, 
contains  the  cyanogen  invariably  as  ferrocyanide,  &c.,  of 
potassium,  (provided,  of  course,  the  analysed  compound  consist 
really  of  a double  ferrocyanide,  &c.,  &c.)  From  most  of  the 
compounds  (ferrocyanide,  ferricyanide,  chromicyanido,  and  man- 
ganocyanide  of  potassium)  the  cyanogen  separates  partly  as 
hydrocyanic  acid,  upon  boiling  the  solution  with  sulphuric  acid, 
and  may  thus  be  readily  detected.  But  the  cobaltieyanide  of 
potassium  is  not  decomposed  by  sulphuric  acid,  and  this  renders 
the  direct  demonstration  of  the  presence  of  cyanogen  in  this 
double  compound  a difficult  task.  Upon  fusion  with  nitrate  of 
potass,  the  whole  of  these  double  compounds  suffer  decomposition, 
cobaltieyanide  of  potassium  not  excepted.  The  reason  why  the 
fusion  of  these  double  compounds  with  nitrate  of  potass  is  to  be 
preceded  by  evaporation  with  an  excess  of  nitric  acid,  is  simply  to 
prevent  the  occurrence  of  explosion.  Caution  is  highly  advisable 
in  this  operation.  If  the  analyst  wishes  simply  to  detect  the  bases 
in  simple  or  double  cyanides,  he  may  in  most  cases  accomplish  his 
object  by  igniting  the  substance  under  examination,  or  by  fusing 
it  in  conjunction  with  carbonate  of  soda  and  potass.  This  process 
yields  the  metals  either  in  the  metallic  state,  or  in  combination 
with  carbon.  If  the  compound  has  been  fused  with  the  alkaline 
carbonates,  cyanide  of  potassium  is  found  in  the  slag,  should  this 
not  have  been  converted  into  cyanate  of  potass,  owing  to  the 
adventitious  presence  of  reducible  oxides.  (Vide  § 101.  d.  2.) 
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% 134. 

Deportment  of  the  most  important  of  the  alkaloids 

(VEGETO- ALKALIES)  WITH  REAGENTS. 

A SYSTEMATIC  METHOD  OF  EFFECTING  THE  DETECTION  OF 
THESE  SUBSTANCES. 

Tlie  detection,  and  separation,  of  the  alkaloids  is  a task  of  far 
greater  difficulty  than  that  of  most  of  the  inorganic  bases. 
Although  the  difficulty  of  this  task  is  owing  partly  to  the 
circumstances  that  scarcely  one  of  the  compounds  which  the 
alkaloids  form  with  other  substances,  is  perfectly  insoluble  or  par- 
ticularly characterized  by  its  color  or  any  other  salient  property, 
yet  the  principal  cause  of  this  difficulty  must  be  ascribed  to  the 
want  of  accurate  and  minute  investigations  of  the  salts  and  other 
compounds  of  the  alkaloids,  and  of  the  products  of  their 
decomposition.  This  is  the  reason  why  we  are  able  only  to  ap- 
prehend the  manifestation  of  the  reactions,  but  unable  to  conceive 
the  causes  of  these  reactions,  and  consequently  to  understand  the 
conditions  which  may  tend  to  modify  them. 

Now  although,  in  the  present  imperfect  state  of  our  knowledge 
of  the  alkaloids,  an  attempt  to  define  their  deportment  with 
reagents,  and  to  base  thereon  a method  of  effecting  their  separation 
or,  at  least,  individual  detection,  must  of  necessity  fall  very  short 
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of  perfection,  yet,  having  made  a great  many  experiments  on  the 
nature  and  deportment  of  these  substances,  1 will  attempt  here, 
for  the  benefit  of  young  chemists,  and  more  particularly  pharma- 
ceutists, to  describe  in  some  measure  the  reactions  which  the  most 
important  of  the  vegeto-alkalies  manifest  with  other  bodies,  and  to 
lay  down  a systematic  method  of  effecting  the  individual  detection 
of  these  alkaloids. 

The  classification  of  the  vegeto-alkalies  into  groups  which  I 
have  adopted  here,  is  based  upon  their  deportment  with  certain 
general  reagents.  1 have  verified  by  numerous  experiments  the 
whole  of  the  reactions  described  in  the  succeeding  paragraphs. 

First  group. 

§ 135. 

Vegeto-alkalies  which  are  precipitated  by  potass  from 

THE  SOLUTIONS  OF  THEIR  SALTS,  AND  REDISSOLVE  SUBSEQUENTLY 

in  an  excess  of  the  precipitant.  Of  the  vegeto-alkalies  of 
which  1 purpose  to  treat,  one  only  belongs  to  this  group,  viz., 

+ 

Morphine  (035  N 06  = Mo) 

1 . Morphine  appears  usually  in  the  form  of  colorless,  brilliant, 
four-sided  prisms  or,  upon  precipitation  from  the  solution  of  its 
salts,  as  a white  powder  composed  of  crystalline  flakes.  It  has  a 
bitter  taste,  and  dissolves  very  sparingly  in  cold,  but  somewhat 
more  readily  in  boiling  water.  Of  cold  alcohol,  it  requires  ninety 
parts  by  weight  for  solution  ; of  boiling  alcohol,  from  twenty  to 
thirty  parts.  The  solutions  of  morphine  in  alcohol  and  hot  wrater 
manifest  distinctly  alkaline  reactions.  This  alkaloid  is  insoluble 
in  ether. 

2.  Morphine  neutralizes  acids  completely,  and  forms  with  them 
the  salts  of  morphine.  These  salts  are  readily  soluble  in  water 
and  spirits  of  wine,  but  are  insoluble  in  ether;  their  taste  is  bitter 
and  disagreeable.  Most  of  them  are  crystallizable. 

3.  Potass  and  ammonia  precipitate  morphine  from  the  solutions 
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of  its  salts,  in  the  form  of  a white  crystalline  powder.  Stirring  and 
friction  on  the  sides  of  the  vessel  promote  the  separation  of  the 
precipitate,  which  redissolves  with  great  readiness  in  an  excess  of 
the  potass,  but  with  somewhat  more  difficulty  in  ammonia.  The 
precipitated  morphine  dissolves  also  in  chloride  of  ammonium  and 
also,  hut  with  difficulty,  in  carbonate  of  ammonia. 

4.  Carbonate  of  potass  and  carbonate  of  soda  produce  the 
same  precipitate  as  potass  and  ammonia,  hut  fail  to  redissolve  it 
upon  addition  in  excess.  Consequently  if  a fixed  alkaline  bi- 
carbonate is  added  to  a solution  of  morphine  in  caustic  potass,  the 
morphine  separates  (especially  after  previous  ebullition)  in  the  form 
of  a crystalline  powder.  A more  minute  inspection,  especially 
through  a magnifying  glass,  shews  this  powder  to  consist  of  small 
acicular  crystals ; seen  through  a glass  which  magnifies  one 
hundred  times,  these  crystals  present  the  form  of  four  sided 
prisms. 

5.  Bicarbonate  of  soda  and  bicarbonate  of  potass  precipitate 
morphine  from  the  solutions  of  its  neutral  salts,  in  the  form  of  a 
crystalline  powder.  The  precipitate  is  insoluble  in  an  excess  of 
the  precipitants.  These  reagents  fail  to  precipitate  acidified  solu- 
tions of  salts  of  morphine,  in  the  cold. 

6.  The  action  of  strong  nitric  acid , upon  morphine  or  one  of  its 
salts,  in  the  solid  state  or  in  concentrated  solutions,  produces  a 
fluid  varying  from  red  to  yellowish  red.  Dilute  solutions  do  not 
change  their  color,  upon  addition  of  nitric  acid,  in  the  cold,  but 
upon  boiling  they  acquire  a yellow  tint. 

7.  Neutral  per  chloride  of  iron  imparts  a beautiful  dark  blue 
tint  to  neutral  solutions  of  salts  of  morphine.  This  tint  disappears 
upon  the  addition  of  an  acid.  Should  the  solution  contain  ad- 
mixture of  animal  or  vegetable  extractive  matters,  or  of  acetates, 
the  coloration  will  appear  clouded  and  less  distinct. 

8.  If  iodic  acid  is  added  to  a solution  of  morphine  or  of  a salt  of 
morphia,  iodine  separates.  In  aqueous  and  concentrated  solu- 
tions, the  separated  iodine  appears  as  a kermes  blown  precipitate* 
whilst  in  alcoholic  and  dilute  solutions  it  imparts  a brown  Or 
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yellowish-brown  color  to  the  fluid.  The  addition  of  starch  paste  to 
the  fluid  heightens  the  delicacy  of  the  reactions  considerably,  since 
the  blue  tint  of  the  iodide  of  starch  remains  perceptible  still  in 
exceedingly  dilute  solutions,  which  is  not  the  case  with  the  brown 
coloration  imparted  by  iodine. 

9.  Ver chloride  of  <j old  produces  in  concentrated  solutions  of  salts 
of  morphine  a flocculent  yellowish  grey  brown  precipitate  which  re- 
dissolves  to  a green  fluid  in  an  excess  of  the  precipitant  and  like- 
wise in  hydrochloric  acid.  In  dilute  solutions  the  reagent 
produces  simply  a green  coloration  ; but  in  either  case  the  fluid 
acquires  a yellow  tint,  after  standing  for  some  time,  and  metallic 
gold  separates  in  the  form  of  a yellowish  brown  powder. 

Second  group. 

§ 130. 

Vegeto-alkalies  which  are  precipitated  by  potass  from 

THE  SOLUTIONS  OF  THEIR  SALTS,  BUT  DO  NOT  REDISSOLVE,  TO  A 
PERCEPTIBLE  EXTENT,  IN  AN  EXCESS  OF  THE  PRECIPITANT,  AND 
ARE  PRECIPITATED  BY  BICARBONATE  OF  SODA  EVEN  FROM  ACID 

solutions  : Narcotine — Quinine — Cinchonine. 

T 

a.  Narcotine  (Ci6  1 125  N Ou  = Na) 

1.  Narcotine  appears  usually  in  the  form  of  colorless,  brilliant, 
rhombic  prisms,  or,  upon  precipitation  by  alkalies,  as  a white 
loose  crystalline  powder.  It  is  insoluble  in  water.  Alcohol 
and  ether  dissolve  it  sparingly  in  the  cold,  but  more  readily 
upon  heating.  Solid  narcotine  is  tasteless,  but  the  alcohol  and 
ethereal  solutions  are  intensely  bitter.  Narcotine  does  not  alter 
vegetable  colors. 

2.  Narcotine  dissolves  readily  in  acids,  combining  with  them 
and  forming  salts.  These  salts  have  invariably  an  acid  reaction. 
Those  with  weak  acids  are  decomposed  by  a large  amount  of 
water,  and,  if  the  acid  is  volatile,  even  upon  simple  evaporation. 
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Most  of  the  salts  of  narcotine  are  amorphous,  and  soluble  in  water, 
alcohol,  and  ether. 

3.  Pure  alkalies , and  alkaline  carbonates , and  bicarbonates 
precipitate  narcotine  from  the  solutions  of  its  salts,  in  the  form  of 
a white  powder,  which  seen  through  a lens  magnifying  100  times, 
appears  an  aggregate  of  small  crystalline  needles.  The  precipi- 
tate is  insoluble  in  an  excess  of  the  precipitant.  If  a solution  of 
narcotine  is  mixed  with  ammonia,  and  ether  subsequently  added, 
the  narcotine  which  separated  upon  the  addition  of  the  ammonia, 
redissolves  in  the  ether,  and  the  clear  fluid  presents  two  distinct 
layers. 

4.  Concentrated  nitric  acid  dissolves  narcotine  to  a colorless 
fluid  which  acquires  a pure  yellow  tint  upon  application  of  heat. 

5.  Concentrated  sulphuric  acid  dissolves  narcotine  to  a yellow 
fluid  which  turns  brown  upon  application  of  heat.  A solution  of 
narcotine  in  concentrated  sulphuric  acid  containing  a slight 
admixture  of  nitric  acid,  appears'  of  an  intense  blood-red  color, 
which  disappears  altogether  upon  the  addition  of  a somewhat 
larger  amount  of  nitric  acid. 

6.  If  narcotine  or  one  of  its  salts  is  dissolved  in  an  excess  of 
dilute  sulphuric  acid,  some  finely  levigated  peroxide  of  manganese 
added,  the  mixture  heated  to  boiling,  and  maintained  in  ebulli- 
tion for  the  space  of  several  minutes,  the  narcotine  absorbs  oxygen 
and  is  converted  into  opianic  acid,  cotarnine  (a  base  soluble  in 
water)  and  carbonic  acid. 

+ 

b.  Quinine  (C20  H12  N 02  = Ch.) 

1 . Quinine  appears  either  in  the  form  of  fine  crystalline  needles 
of  silky  lustre,  which  are  frequently  aggregated  into  tufts,  or  as 
a loose  white  powder.  It  is  sparingly  soluble  in  cold,  but  some- 
what more  readily  in  hot  water.  It  is  readily  soluble  in  spirits  of 
wine,  both  cold  and  hot,  but  far  less  so  in  ether.  The  taste  of 
quinine  is  intensely  bitter ; the  solutions  of  quinine  manifest 
alkaline  reaction. 
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■ 2.  Quinine  neutralizes  acids  completely.  The  salts  taste  in- 
tensely bitter;  most  of  them  are  crystallizable,  and  for  the  greater 
part  readily  soluble  in  water  and  spirits  of  wine. 

3.  Potass,  ammonia,  and  the  simple  carbonates  of  the  alkalies 
produce  in  solutions  of  salts  of  quinine,  (provided  they  be  not  too 
dilute)  a white,  loose,  pulverulent  precipitate  of  hydrated  quinine, 
which  immediately  after  precipitation,  appears  opaque  and  amor- 
phous under  the  microscope,  but  assumes,  after  the  lapse  of  some 
time,  the  appearance  of  aggregated  crystalline  needles.  The  precipi- 
tate redissolves  to  a hardly  perceptible  extent  only,  in  an  excess 
of  potass,  but  more  readily  in  ammonia.  It  is  hardly  more  solu- 
ble in  fixed  alkaline  carbonates  than  in  pure  water.  If  a so- 
lution of  quinine  is  mixed  with  ammonia,  and  ether  is  subsequently 
added,  and  the  mixture  shaken,  the  quinine  which  separated  upon 
the  addition  of  the  ammonia,  redissolves  in  the  ether,  and  the 
clear  fluid  presents  two  distinct  layers. 

4.  Bicarbonate  of  soda  also  produces,  and  this  both  in  neu- 
tral and  acid  solutions  of  salts  of  quinine,  a white  pulverulent 
precipitate  of  hydrated  quinine.  From  dilute  solutions,  the  qui- 
nine separates  only  after  the  lapse  of  some  time , and  the  pre- 
cipitate appears  in  such  cases  in  the  form  of  white  and  opaque 
needles  aggregated  into  tufts.  Vigorous  stirring  of  the  fluid 
promotes  the  separation  of  the  precipitate  considerably.  The  pre- 
cipitate is  not  altogether  insoluble  in  the  precipitant,  and  the 
separation  is  accordingly  the  more  perfect,  the  less  the  excess  of 
the  precipitant.  From  this  solution  in  an  excess  of  bicarbonate 
of  soda,  the  quinine  precipitates  upon  protracted  ebullition.* 

o.  Concentrated  nitric  acid  dissolves  quinine  to  a colorless 
fluid,  which  turns  yellowish  upon  the  application  of  heat. 


* A remark  made  by  C.  I.  Oppermann  (Considerations  sur  les  Poisons 
Vegetaux,  Strasbourg,  1845)  impeaching  the  correctness  of  my  statement 
regarding  the  precipitation  of  a solution  of  quinine  acidified  with  sulphuric 
acid  by  bicarbonate  of  soda,  induced  me  to  repeat  my  former  experiments, 
but  invariably  with  the  same  results,  viz.  concentrated  solutions  were  preci- 
pitated immediately,  dilute  solutions  after  the  lapse  of  from  two  to  fifteen 
minutes,  this  operation  being  greatly  promoted  by  vigorous  stirring  of  the 
fluid. 
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6.  Concentrated  sulphuric  acid  likewise  dissolves  pure  qui- 
nine and  pure  salts  of  quinine  to  colorless  fluids  which  do  not 
acquire  any  coloration  upon  being  heated  to  the  point  of  incipient 
evaporation  of  the  sulphuric  acid,  but  turn  subsequently  yellow 
and  afterwards  brown.  Sulphuric  acid  containing  an  admixture 
of  nitric  acid,  dissolves  quinine  to  a colorless  or  faint  yellowish 
fluid. 

+ 

c.  Cinchonine  (C20  H12  N 0 = Ci.) 

1.  Cinchonine  appears  either  in  the  form  of  pellucid,  brilliant, 
four-sided  prisms,  or  of  fine  white  crystalline  needles,  or  finally, 
when  precipitated  from  concentrated  solutions,  as  a loose  white 
powder.  Recently  prepared,  or  precipitated  cinchonine  is  taste- 
less, but  acquires  subsequently  the  bitter  taste  of  the  bark. 
Cinchonine  is  nearly  altogether  insoluble  in  cold,  and  of  exceed- 
ingly difficult  solution  in  hot  water ; it  is  but  little  soluble  in 
cold  dilute  spirits  of  wine,  somewhat  more  readily  in  hot  spirits  of 
wine,  and  most  readily  in  absolute  alcohol.  From  hot  alcoholic 
solutions  the  greater  portion  of  the  dissolved  cinchonine  separates 
upon  cooling.  Solutions  of  cinchonine  taste  bitter  and  mani- 
fest alkaline  reaction.  Cinchonine  is  insoluble  in  ether. 

2.  Cinchonine  neutralizes  acids  completely.  The  salts  have 
the  bitter  taste  of  the  bark  ; most  of  them  are  crystallizable,  and 
generally  more  readily  soluble  in  water  and  spirits  of  wine, 
than  the  corresponding  quinine  compounds.  Ether  fails  to  dis- 
solve them. 

3.  Cinchonine,  when  heated  cautiously,  fuses  at  first ; subse- 
quently white  fumes  arise,  which  like  benzoic-acid,  condense  upon 
cold  substances,  m the  form  of  small  brilliant  needles,  or  as  a 
loose  sublimate.  This  sublimation  of  cinchonine  is  attended  with 
emission  of  a peculiar  aromatic  odor. 

4.  Potass , ammonia , and  the  neutral  carbonates  of  the  alka- 
lies produce  in  solution  of  salts  of  cinchonine,  a white,  loose,  precipi- 
tate of  cinchonine,  which  does  not  exhibit  a distinctly  crystalline 
appearance  even  though  viewed  through  a lens  magnifying  from 
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200  to  800  times.  The  precipitate  does  not  redissolve  in  an 
excess  of  the  precipitants. 

5.  Bicarbonate  of  soda  and  bicarbonate  of  potass  precipitate 
cinchonine  in  the  same  form  as  at  4.  both  from  neutral  and 
acid  solutions,  but  not  so  completely  as  the  carbonates  of 
the  alkalies.  The  bicarbonates  accordingly  fail  to  precipitate 
highly  dilute  solutions,  and  the  fluid  filtered  off  from  the  precipi- 
tate produced  in  more  concentrated  solutions,  turns  turbid  upon 
protracted  boiling. 

6.  Concentrated  sulphuric  acid  dissolves  cinchonine  to  a color- 
less fluid  which  turns  brown  upon  application  of  heat,  and 
acquires  finally  a black  color.  Solution  of  cinchonine  in  con- 
centrated sulphuric  acid  containing  an  admixture  of  nitric  acid  is 
equally  colorless  in  the  cold,  but,  upon  application  of  heat,  passes 
through  the  intermediate  tints  of  yellow,  red-brown,  and  brown, 
and  turns  finally  black. 


Recapitulation  and  Remarks . 

The  alkaloids  of  the  second  group  are  altered  or  precipitated 
by  various  other  reagents  besides  those  mentioned  above  ; the 
reactions  are,  however,  not  adapted  to  effect  their  individual 
detection  and  separation.  Thus,  for  instance,  dilute  solution  of 
iodine  produces  in  solutions  of  the  salts  of  the  three  alkaloids 
belonging  to  this  group,  red-brown  precipitate,  bichloride  of 
potassium,  yellowish-white , perchloride  of  mercury,  white , per- 
chloride  of  gold,  yellow,  nitrate  of  silver,  with  addition  of  am- 
monia to  neutralization,  white,  tincture  of  galls,  yellowish-white 
jlocculent  precipitates,  &c. 

Narcotine  and  Quinine  being  soluble  in  ether,  whilst  cinchonine 
is  insoluble  in  that  menstruum,  they  may  be  most  readily  separa- 
ted by  this  means  from  the  latter  alkaloids.  To  effect  their 
separation,  the  analyst  need  simply  mix  the  solution  of  the 
three  alkaloids  with  ammonia  in  excess,  add  subsequently 
ether,  and  filter  the  solution  of  quinine  and  narcotine  off  from  the 
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undissolved  cinchonine.  If  the  ether  he  subsequently  evaporated 
at  a gentle  heat,  the  ammonia  being  all  the  while  maintained  in 
excess,  the  narcotine  will  precipitate,  and  may  be  readily  sepa- 
rated by  filtration  from  the  quinine  which  remains  in  solution. 
The  quinine  may  then  likewise  he  precipitated  from  the  solution 
by  cautious  neutralization  of  the  ammonia  with  an  acid,  and  may 
finally  he  recognized  under  the  microscope,  by  the  form  of  its 
crystals. 


Third  Group. 

§ 137. 

Vegeto-alkalies  which  are  precipitated  by  potass  from 

THE  SOLUTIONS  OF  THEIR  SALTS,  BUT  DO  NOT  REDISSOLVE  TO 
A PERCEPTIBLE  EXTENT  IN  AN  EXCESS  OF  THE  PRECIPITANT, 
AND  ARE  NOT  PRECIPITATED  FROM  ACID  SOLUTIONS  BY  THE  BI- 
CARBONATES of  the  fixed  alkalies  : Strychnine,  Brucine, 
Veratrine. 

+ 

a.  Strychnine  (C44  H24  N2  04  = Sr.) 

1.  Strychnine  appears  either  in  the  form  of  white,  brilliant, 
octohedrons,  or  of  four-sided  prisms,  or  finally,  when  produced  by 
precipitation,  or  rapid  evaporation,  as  a white  powder.  It  has  an 
exceedingly  bitter  taste.  It  is  nearly  altogether  insoluble  in  cold, 
and  scarcely  soluble  in  hot  water.  It  is  insoluble  in  absolute 
alcohol  and  ether,  and  difficultly  soluble  in  dilute  spirits  of  wine. 

2.  Strychnine  neutralizes  acids  completely.  Most  of  the  salts 
of  strychnine  are  cry stalliz able  and  soluble  in  water.  All  the 
salts  of  strychnine  have  an  insupportably  bitter  taste,  and  are  ex- 
ceedingly poisonous. 

3.  Potass  and  carbonate  of  potass  produce  in  solutions  of  salts 
of  strychnine  white  precipitates  of  strychnine,  which  are  insoluble 
in  an  excess  of  the  precipitants.  Viewed  through  a lens, 
magnifying  one  hundred  times,  the  precipitate  appears  as  an 
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aggregate  of  small  crystalline  needles.  From  dilute  solution  the 
strychnine  separates  only  after  the  lapse  of  some  time,  in  form  of 
crystalline  needles,  which  are  perfectly  visible  even  to  the  naked 
eye. 

4.  Ammonia  produces  the  same  precipitate  as  potass.  The 
precipitate  redissolves  in  an  excess  of  ammonia,  hut  after  a short 
time  (or  if  the  solution  is  highly  dilute,  after  a more  considerable 
lapse  of  time)  the  strychnine  crystallizes  from  the  ammoniacal 
solution  in  the  form  of  needles,  which  are  distinctly  visible  to  the 
naked  eye. 

5.  Bicarbonate  of  soda  produces,  in  neutral  solution  of  salts  of 
strychnine,  a precipitate  of  strychnine,  which  separates  in  fine 
needles  shortly  after  the  addition  of  the  reagent,  and  is  insoluble 
in  an  excess  of  the  precipitant.  But  upon  adding  one  drop  of 
acid  (so  as  to  leave  the  fluid  still  alkaline)  the  precipitate  dissolves 
readily  in  the  liberated  carbonic  acid.  The  addition' of  bicarbo- 
nate of  soda  to  acid  solution  of  strychnine,  causes  no  precipitation, 
and  it  is  only  after  the  lapse  of  twenty-four  hours,  or  even  a longer 
period,  that  strychnine  crystallizes  from  the  fluid  in  distinct  prisms, 
and  this  crystallization  continues  in  proportion  as  the  free  car- 
bonic acid  escapes.  If  a concentrated  solution  of  strychnine, 
supersaturated  with  bicarbonate  of  soda,  is  boiled  for  some  time, 
a precipitate  forms  immediately ; from  dilute  solution  this  precipi- 
tate separates  only  after  concentration. 

6.  The  addition  of  an  aqueous  solution  of  iodic  acid  to  solutions 
of  salts  of  strychnine,  produces  no  alteration  in  the  cold;  but  upon 
subsequent  application  of  heat,  the  fluid  turns  violet,  and  after 
the  lapse  of  some  time  a blackish  precipitate  separates. 

7.  Sulpho cyanide  of  potassium  produces  in  concentrated  solu- 
tions of  salts  of  strychnine  immediately,  and  in  dilute  solution, 
after  the  lapse  of  some  time,  a white  crystalline  precipitate,  which 
appears  under  the  microscope  as  an  aggregate  of  flat  needles,  and  is 
but  little  soluble  in  an  excess  of  the  precipitant. 

8.  Upon  mixing  a drop  of  concentrated  su Iphnric  acid  contain- 
ing about  yxro  part  nitric  acid  in  admixture,  with  a little 
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strychnine  or  salt  of  strychnine,  upon  a watch  glass,  solution  en- 
sues unattended  with  any  peculiar  reaction.  But  if  a small  grain 
of  brown  peroxide  of  lead  be  now  added,  the  fluid  will  imme- 
diately acquire  a blue  tint,  which  turns  soon  afterwards  violet,  and 
changes  gradually  to  green. 

9.  Perchloride  of  mercury  produces,  in  solutions  of  salts  of  strych- 
nine, a white  precipitate,  which  changes  after  some  time  to  crys- 
talline needles  aggregated  into  stars,  and  distinctly  visible  through 
a lens.  Upon  heating  the  fluid  these  crystals  redissolve,  and  upon 
subsequent  cooling  of  the  solution,  the  double  compound  re-crys- 
tallizes  in  distinct  needles. 

10.  Concentrated  nitric  acid  dissolves  strychnine  and  its  salts 
to  colorless  fluids,  which  become  yellow  upon  the  application  of  heat. 

+ 

b.  Brucine  (C44  H25  N2  0 1 = Br.) 

1.  Brucine  appears  either  in  the  form  of  transparent,  rhombic 
prisms,  or  in  that  of  crystalline  needles,  aggregated  into  stars, 
or  as  a white  powder  composed  of  minute  crystalline  scales. 
Brucine  is  difficultly  soluble  in  cold,  but  somewhat  more  readily 
so  in  hot  water.  Both  absolute  and  dilute  alcohol  dissolve  it  rea- 
dily, but  it  is  insoluble  in  ether.  Its  taste  is  intensely  bitter. 

2.  Brucine  neutralizes  acids  completely.  The  salts  of  brucine 
are  readily  soluble  in  water,  and  of  an  intensely  bitter  taste.  Most 
of  them  are  crystal liz able. 

3.  Potass  and  carbonate  of  potass  throw  down  from  solutions 
of  salts  of  brucine  a white  precipitate  of  brucine,  which  is  inso- 
luble in  an  excess  of  the  precipitant.  Viewed  under  the  micros- 
cope, immediately  after  precipitation,  the  precipitate  appears  to 
consist  of  very  minute  grains ; but,  upon  further  inspection,  these 
grains  are  seen  to  form  into  needles,  which  latter  arrange  themselves 
subsequently  into  concentric  groups.  These  successive  changes  of 
the  precipitate  may  be  traced  distinctly  even  with  the  naked  eye. 

4.  Ammonia  produces  a whitish  precipitate  in  solution  of  salts 
of  brucine,  which  appears  at  first  like  a number  of  minute  drops  of 
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oil,  but  changes  subsequently  to  small  needles.  The  precipitate 
redissolves,  immediately  after  separation,  in  an  excess  of  the  pre- 
cipitant, but  after  a very  short  time  (or,  if  the  solution  is  highly 
dilute,  after  a more  considerable  lapse  of  time)  the  brucine  crystal- 
lizes from  the  ammoniacal  solution  in  small  concentrically  grouped 
needles,  which  addition  of  ammonia  fails  to  redissolve. 

5.  Bicarbonate  of  soda  produces,  in  neutral  solutions  of  salts  of 
brucine,  a precipitate  of  brucine,  which  separates  after  the  lapse 
of  a short  time,  in  form  of  concentrically  aggregated  needles  of 
silky  lustre,  which  are  insoluble  in  an  excess  of  the  precipitant, 
but  dissolve  in  free  carbonic  acid  (compare  strychnine).  Bicarbo- 
nate of  soda  fails  to  precipitate  acid  solutions  of  salts  of  brucine. 
But  this  alkaloid  separates  subsequently  (after  a considerable  lapse 
of  time,  with  the  escape  of  carbonic  acid)  in  regular  and  com- 
paratively large  crystals. 

0.  Concentrated  nitric  acid,  dissolves  brucine  and  its  salts  to 
intensely  red  fluids,  which  acquire  subsequently  a yellowish  red  tint, 
and  become  completely  yellow  upon  the  application  of  heat.  Upon 
addition  of  protochloride  of  tin,  or  hydrosulphuret  of  ammonia,  to 
this  yellow  fluid,  (no  matter  whether  concentrated  or  diluted  with 
water,)  the  but  little  intense  yellow  colour  changes  to  a most  in- 
tense violet  tint. 

7.  Concentrated  sulphuric  acid  dissolves  brucine  to  a faint 
rose-colored  fluid. 

8.  The  addition  of  iodic  acid  to  solutions  of  salt  of  brucine 
produces  no  visible  alteration  in  the  cold,  but,  upon  boiling, 
the  fluid  acquires  a wine-red  tint. 

0.  Sulpho cyanide  of  potassium  produces  in  concentrated  solu- 
tion of  salts  of  brucine  immediately,  and  in  dilute  solutions,  after 
some  time,  a granular  crystalline  precipitate,  which,  when  viewed 
under  the  microscope,  appears  composed  of  variously  aggregated 
polyhedral  crystalline  grains.  Friction  applied  to  the  sides  of  the 
vessel  promotes  the  separation  of  the  precipitate. 

10.  Perchloride  of  mercury  produces  also  a white  granular  pre- 
cipitate, which,  when  viewed  under  the  microscope,  appears 
composed  of  small  round-shaped  crystalline  grains. 
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c.  Veratrine  (formula  not  yet  settled)  Ve. 

1.  Veratrine  appears  generally  as  a pure  white,  or  yellowish  or 
greenish  white  powder,  of  acrid  and  burning  (but  not  bitter)  taste 
and  exceedingly  poisonous  action.  Veratrine  acts  with  exceeding 
energy  upon  the  membranes  of  the  nose  ; even  the  most  minute 
quantity  of  the  powder  excites  the  most  violent  sneezing.  Yera- 
trine is  insoluble  in  water ; it  dissolves  readily  in  alcohol,  but 
more  sparingly  in  ether.  At  a temperature  as  low  as  122°  it  fuses 
like  wax  and  solidifies  subsequently,  upon  cooling,  to  a transparent 
yellow  mass. 

2.  Yeratrine  neutralizes  acids  completely.  Some  salts  of  vera- 
trine are  crystallizable,  others  dry  up  into  a gummy  mass.  They 
are  soluble  in  water,  and  of  acrid  and  burning  taste. 

3.  Potass,  ammonia , and  the  simple  carbonates  of  the  alkalies 
produce  in  solutions  of  salts  of  veratrine,  a flocculent  white  preci- 
pitate, which  viewed  under  the  microscope,  immediately  after  pre- 
cipitation, does  not  appear  crystalline.  After  the  lapse  of  a few 
minutes,  however,  it  alters  its  appearance,  and  small  clusters  of 
short  prismatic  crystals  are  observed  here,  and  there,  instead  of 
the  original  coagulated  flakes.  The  precipitate  does  not  redis- 
solve in  an  excess  of  potass  and  carbonate  of  potass.  It  is 
slightly  soluble  in  ammonia,  in  the  cold,  but  the  dissolved  portion 
separates  again  upon  application  of  heat. 

4.  With  bicarbonate  of  soda  and  bicarbonate  of  potass,  vera- 
trine comports  itself  like  strychnine  and  brucine.  It  separates 
however  readily,  upon  ebullition,  even  from  dilute  solutions, 

5.  If  veratrine  is  acted  upon  with  concentrated  nitric  acid , 
it  agglutinates  at  first  into  small  resinous  lumps,  which  subse- 
quently dissolve  slowly  in  the  acid.  The  solution  presents  a red- 
dish yellow  color  of  but  little  intensity. 

6.  When  acted  upon  with  concentrated  sulphuric  acid,  vera- 
trine agglutinates  also  into  resinous  lumps  at  first,  but  these 
lumps  dissolve  subsequently  with  great  readiness  to  a faint  yellow 
fluid,  the  color  of  which  increases  gradually  in  depth  and  in- 
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tensity,  changes  afterwards  to  a reddish  yellow,  then  to  an  intense 
blood  red,  subsequently  to  crimson,  and  turns  finally  violet. 

7.  S 'ulphocyanide  of  potassium  produces  only  in  highly  con- 
centrated solutions  of  salts  of  veratrine  llocculent  gelatinous  pre- 
cipitates. 


Recajntulatio n and  Remarks. 

The  alkaloids  of  the  third  group  are  also  precipitated  by  many 
other  reagents  besides  those  above  mentioned,  as,  for  instance, 
by  tincture  of  galls,  bichloride  of  platinum,  &c.  But  the  uni- 
versality of  these  reactions  render  them  of  but  little  importance 
in  an  analytical  point  of  view. 

Strychnine  may  be  separated  from  brucine  and  veratrine  by 
means  of  absolute  alcohol,  since  it  is  insoluble  in  that  menstruum 
whilst  the  two  latter  alkaloids  dissolve  readily  in  it.  The 
identity  of  strychnine  is  established  best  by  the  reaction  with 
peroxide  of  lead  and  sulphuric  acid,  containing  an  admixture 
of  nitric  acid ; and  also  by  the  form  of  its  crystals  viewed 
under  the  microscope,  or  finally  by  the  form  of  the  precipitate 
which  sulphocyanide  of  potassium  and  perchloride  of  mercury 
produce  in  solutions  of  its  salts.  Brucine  and  veratrine  are 
not  readily  separated  from  one  another,  but  may  be  detected 
side  by  side.  The  identity  of  brucine  is  established  best  by  the 
reactions  with  nitric  acid  and  protochloride  of  tin,  or  hydro- 
sulphuret  of  ammonia,  or  by  the  crystalline  form  of  the  precipitate 
which  ammonia  produces  in  solution  of  salts  of  brucine.  Vera- 
trine is  sufficiently  distinguished  from  brucine  and  the  other 
alkaloids  which  we  have  treated  of,  by  its  characteristic  de- 
portment at  a gentle  heat,  and  also  by  the  form  of  the  precipitate 
which  alkalies  produce  in  solutions  of  its  salts.  To  distinguish 
veratrine  by  the  side  of  brucine,  the  reaction  with  sulphuric  acid 
is  employed. 

To  these  alkaloids,  I will  add  salicine , although  this  sub- 
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stance  does  not  properly  belong  to  the  same  class  of  chemical 
compounds  with  the  vegeto-alkalies. 


§ 138. 

Salicine  (C21  H12  09. 

1.  Salicine  appears  either  in  form  of  white  crystalline  needles 
and  scales  of  silky  lustre,  or,  in  cases  where  these  crystals  are  very 
small,  as  a powder  of  silky  lustre — it  has  a bitter  taste.  It  is 
readily  soluble  in  water  and  alcohol,  but  insoluble  in  ether. 

2.  No  reagent  precipitates  salicine  as  such. 

3.  Salicine,  when  acted  upon  with  concentrated  sulphuric  acid, 
agglutinates  into  lumps  like  resin,  and  acquires  an  intensely  blood 
red  color,  but  does  not  dissolve  in  the  acid ; the  color  of  the  latter 
remains  unaltered. 

4.  If  an  aqueous  solution  of  salicine  is  mixed  with  hydrochloric 
acid  or  dAlute  sulphuric  acid , and  the  mixture  boiled  for  a short 
time,  the  fluid  turns  suddenly  turbid  and  deposits  a fine  granular 
crystalline  precipitate  (saliretine). 

Systematic  course  leading  to  the  detection  of  the 
vegeto-alkalies  treated  of  in  the  foregoing  paragraphs, 

AND  OF  SALICINE. 

§ 139. 

The  analytical  course  which  I am  now  about  to  describe  pro- 
ceeds upon  the  supposition  that  the  analyst  has  to  examine  a 
concentrated  solution  of  one  or  several  salts  of  the  vegeto-alkalies, 
which  solution  is  free  from  any  admixture  of  substances  which 
might  tend  to  obscure  or  modify  the  reactions.  For  the  modifica' 
tions  which  the  presence  of  coloring  or  extractive  matter,  &c. 
requires,  I refer  to  § 142. 
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I.  Detection  of  the  vegeto-alkalies  and  of  salicine, 

IN  SOLUTIONS  SUPPOSED  TO  CONTAIN  BUT  ONE  OF  THESE  SUB- 
STANCES. 

§ 140. 

1 . Dilute  potass  ley  is  added  drop  by  drop  to  a portion  of  the 
aqueous  solution,  until  the  fluid  acquires  a hardly  perceptible 
alkaline  reaction. 

a.  No  precipitate  is  formed  ; this  proves  positively 
the  total  absence  of  the  vegeto-alkalies,  and  indicates  the 
presence  of  salicine.  To  set  all  doubt  at  rest  on  this  point, 
the  original  solution  is  tested  with  concentrated  sulphuric 
acid,  and  with  hydrochloric  acid,  according  to  the  directions 
of  § 138.  3.  and  4. 

b . A precipitate  is  formed.  Potass  is  added  drop  by 
drop,  until  the  fluid  manifest  a strongly  alkaline  reaction. 

a.  The  precipitate  redissolves  : morphine.  To  arrive 
at  a positive  conclusion  on  this  point,  another  portion  of 
the  solution  is  tested  with  iodic  acid,  (§  135.  8.),  and 
a portion  of  the  original  substance  with  nitric  acid,  ( § 
135.  6.) 

/3.  The  precipitate  remains  undissolved  : Presence  of  a 
vegeto-alkali  of  the  second  or  third  group.  Pass  over 
to  2. 

2.  A second  portion  of  the  original  solution  is  acidified  with 
from  two  to  three  drops  of  dilute  sulphuric  acid,  and  a saturated 
solution  of  bicarbonate  of  soda  subsequently  added  until  the  acid 
reaction  is  exactly  neutralized ; the  sides  of  the  vessel  are  then 
strongly  rubbed,  and  the  mixture  allowed  to  stand  at  rest  for 
half  an  hour. 

a.  No  precipitate  is  formed  : Absence  of  narcotine, 
quinine  and  cinchonine.  Pass  over  to  3. 

b.  A precipitate  is  formed  : Narcotine,  quinine,  or 
cinchonine.  A portion  of  the  original  solution  is  mixed  with 
an  excess  of  ammonia,  a sufficient  quantity  of  ether  added, 
and  the  mixture  shaken. 
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a.  The  precipitate  which  forms  at  first  upon  the  addi- 
tion of  the  ammonia , redissolves  in  the  ether  and  the  clear 
fluid  presen  ts  two  distinct  layers.  Narcotine  or  quinine. 
The  test  tube  is  placed  in  hot  water  to  evaporate  the  ether, 
care  being  taken  to  maintain  the  ammonia  in  sufficient  ex- 
cess. If  a precipitate  separates,  this  is  narcotine.  The 
reaction  described  at  § 136.  a.  5.  may  serve  as  a conclusive 
proof  of  the  presence  of  this  substance.  If  no  precipitate 
separates,  the  analyst  may  conclude  that  quinine  is  present. 
To  set  all  doubt  at  rest  on  this  point,  the  ammoniacal 
solution  (which  has  been  nearly  evaporated  to  dryness)  is 
very  slightly  acidified  with  one  or  two  drops  of  acetic  acid, 
and  subsequently  precipitated  with  carbonate  of  potass  ; 
the  precipitate  is  then  finally  inspected  under  the  micro- 
scope. (Compare  § 136.  h.  3.) 

ft.  The  precipitate  which  forms  upon  the  addition  of 
ammonia  does  not  redissolve  in  the  ether:  cinchonine. 
The  deportment  of  cinchonine  when  heated  (the  exhalation 
of  a peculiar  aromatic  odor)  may  serve  as  a conclusive  test 
(§  136.  c.  3.) 

3.  A portion  of  the  original  substance,  or  of  the  residue  which 
will  remain  upon  evaporating  the  solution,  is  placed  into  the  hol- 
low of  a watch-glass,  and  treated  with  concentrated  sulphuric  acid. 
a.  A colorless  solution  is  obtained  which,  upon  application 
of  heat,  turns  of  a faint  olive  green  : strychnine.  The  re- 
action with  sulphuric  acid  containing  nitric  acid  in  admixture, 
and  peroxide  of  lead  is  resorted  to  as  a conclusive  test, 
(§  137.  a.  8.) 

h.  A rose-colored  solution  is  obtained  which  turns  deep 
red  upon  addition  of  nitric  acid  : brucine.  The  reaction 
with  nitric  acid  and  protochloride  of  tin  is  resorted  to  as  a 
conclusive  test,  (§  137.  h.  6.) 

c.  A yellow  solution  is  obtained,  the  color  of  which  changes 
to  a yellowish  red,  and  subsequently  to  blood  red,  and  turns 
afterwards  crimson:  veratrine. 
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II.  Detection  of  the  vegeto-alkalies  and  of  silicine 

IN  SOLUTIONS,  WHICH  ARE  SUPPOSED  TO  CONTAIN  SEVERAL  OR 
THE  WHOLE  OF  THESE  SUBSTANCES. 

§ 141. 

1 . Dilute  potass  ley  is  dropped  into  a portion  of  the  aqueous 
solution,  until  the  fluid  acquires  a hardly  perceptible  alkaline 
reaction. 

a.  No  precipitate  is  formed  : This  proves  the  total 
absence  of  vegeto-alkalies,  and  indicates  the  presence  of 
salicine.  The  reactions  with  concentrated  sulphuric  acid 
and  with  hydrochloric  acid  are  resorted  to  as  conclusive  tests. 
(Compare  § 138.  3.  and  4.) 

b.  A precipitate  is  formed  : Potass  is  added  drop  by 
drop  until  the  fluid  manifests  a strongly  alkaline  reaction. 

a.  The  precipitate  redissolves.  Absence  of  the  vegeto- 
alkalies  of  the  second  and  third  group.  Presence  of 
morphine.  The  reactions  with  iodic  acid  (§  135.  8.)  and 
with  nitric  acid  (§  J35.  6.)  are  resorted  to  as  conclusive 
tests.  Examination  for  salicine,  vide  4. 

/I.  The  precipitate  does  not  redissolve  or  at  least  not 
completely . The  fluid  is  filtered  off  from  the  precipitate 
and  the  latter  treated  as  directed  at  2.  The  filtrate  is 
mixed  with  the  bicarbonate  of  soda  or  bicarbonate  of  potass, 
and  the  mixture  heated  to  boiling  and  maintained  in 
ebullition  until  evaporated  nearly  to  dryness.  The  residue 
is  treated  with  water.  If  it  dissolves  completely,  this  is  a 
sign  that  no  morphine  is  present ; but  if  an  insoluble 
residue  remains,  this  indicates  the  presence  of  morphine. 
The  reactions  with  iodic  acid  (§  135.  8.)  and  with  nitric 
acid  (§  135.  6.)  are  resorted  to  as  conclusive  tests. 

2.  The  precipitate  of  1.  b.  /?.  is  washed  with  cold  water  and  sub- 
sequently dissolved  in  a slight  excess  of  dilute  sulphuric  acid ; 
solution  of  bicarbonate  of  soda  is  added  to  the  fluid  until  the  acid 
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reaction  is  neutralized ; the  mixture  is  stirred,  the  sides  of  the 
vessel  being  vigorously  rubbed,  and  the  fluid  is  then  allowed  to 
stand  at  rest  for  half  an  hour. 

a.  No  precipitate  is  formed  Absence  of  narcotine, 
cinchonine,  and  quinine.  The  solution  is  heated  to  boiling 
and  kept  in  ebullition  until  evaporated  nearly  to  dryness. 
The  residue  is  treated  with  cold  water.  If  it  dissolves  com- 
pletely, pass  over  to  4.  ; but  should  an  insoluble  residue  be 
left,  this  is  to  be  tested  for  strychnine,  brucine,  and  veratrine, 
according  to  the  directions  of  3. 

b.  A precipitate  is  formed.  The  fluid  is  filtered  off 
from  the  precipitate,  and  the  filtrate  subsequently  treated  as 
directed  at  § 141.  2.  a.  The  precipitate  is  washed  with  cold 
water  and  subsequently  dissolved  in  a little  hydrochloric  acid  ; 
ammonia  in  excess  is  added  to  the  solution  and  subsequently 
a sufficient  quantity  of  ether. 

a.  The  precipitate  which  forms  at  first  upon  the 
addition  of  the  ammonia,  redissolves  completely  in  the 
ether,  and  the  clear  fluid  presents  two  distinct  layers  : 
Absence  of  cinchonine  ; presence  of  quinine  or  narcotine. 
The  individual  detection  (and  respective  separation)  of 
these  two  substances  is  then  effected  as  directed  at  § 140. 

2.  b.  a. 

/3.  The  precipitate  produced  by  the  ammonia  does  pot 
redissolve  in  the  ether , or  at  least  not  completely : 
Cinchonine.  Quinine  or  narcotine  may  also  be  pre- 
sent. The  fluid  is  filtered  off  from  the  undissolved 
precipitate,  and  the  filtrate  tested  for  quinine  and  narcotine, 
as  at  a.  The  precipitate  consists  of  cinchonine.  To  set 
all  doubt  on  this  point  at  rest,  the  precipitate  is  cautiously 
heated,  when  the  exhalation  of  a peculiar  aromatic  odor 
will  demonstrate  the  presence  of  cinchonine.  Compare 
% 130.  c.  3.) 

3.  The  insoluble  residue  remaining  upon  the  evaporation  of  the 


342  APPENDIX.  [§  142. 

solution  of  2 a.,  or  of  the  filtrate  of  2.  b.  is  dried  in  tlie  water 
hath  and  subsequently  digested  with  absolute  alcohol. 

a.  It  dissolves  completely  : Absence  of  strychnine ; 
presence  of  brucine  or  veratrine.  The  alcoholic  solution  is 
evaporated  to  dryness,  in  the  water  bath,  the  residue  divided 
into  two  portions,  and  the  one  subsequently  tested  for 
brucine,  with  nitric  acid  and  protochloride  of  tin,  (§  137. 
b.  6.),  the  other  for  veratrine,  by  means  of  concentrated 
sulphuric  acid,  (§  137.  c.  G.) 

b.  It  does  not  dissolve,  or  at  least  not  completely : 
Strychnine.  Brucine,  and  veratrine  may  likewise  be  present. 
TT  le  fluid  is  filtered  off  from  the  undissolved  residue,  and  the 
filtrate  subsequently  examined  for  brucine  and  veratrine 
according  to  the  directions  of  § 141.  3 .a.  The  identity  of 
the  precipitate  with  strychnine  is  demonstrated  by  the  reaction 
with  sulphuric  acid  containing  nitric  acid  in  admixture,  and 
peroxide  of  lead,  (§  137.  a.  8.) 

4.  A portion  of  the  original  solution  is  mixed  with  hydrochloric 
acid,  the  mixture  heated  to  boiling  and  kept  some  time  in  ebulli- 
tion. The  formation  of  a precipitate  demonstrates  the  presence  of 
salicine.  To  set  all  doubt  on, this  point  at  rest,  the  original  sub- 
stance is  tested  with  concentrated  sulphuric  acid,  (§  138.  3.) 


Detection  of  the  vegeto-alkalies  in  presence  of 
coloring  and  extractive  vegetable  or  animal  matters. 

§ 142. 

The  presence  of  mucilaginous,  extractive  and  coloring  matters 
renders  the  detection  of  the  vegeto-alkalies  a task  of  considerable 
difficulty.  These  matters  obscure  the  reactions  so  much  that 
we  are  even  unable  to  determine  by  a preliminary  experiment, 
whether  the  substance  under  examination  contains  one  of 
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tbe  vegeto-alkalies  we  have  treated  of  in  the  foregoing  para- 
graphs, or  not.  The  most  appropriate  method  of  preparing  sub- 
stances containing  these  extraneous  matters  in  admixture,  for 
subsequent  analysis  in  the  usual  way,  is  that  recommended  by 
Merck,  which  I will  give  here  with  a few  modifications  : 

The  substance  under  examination  is  mixed  with  concentrated 
acetic  acid  to  strongly  acid  reaction,  and  the  mixture  digested 
for  several  hours.  The  fluid  is  strained  off  from  the  solid 
part,  and  the  latter  is  then  washed  with  water  acidified  with 
acetic  acid.  The  whole  of  the  fluid  obtained  is  evaporated  to  dry- 
ness in  the  water  bath.  The  residue  is  boiled  first  with  pure 
spirits  of  wine  and  subsequently  with  spirits  of  wine  containing 
an  admixture  of  acetic  acid ; the  whole  of  the  solution  thus  ob- 
tained is  evaporated  nearly  to  dryness  in  the  water  bath,  again 
diluted  with  water,  carbonate  of  potass  added  to  feebly  alkaline 
reaction,  the  mixture  evaporated  to  syrupy  consistence,  and  sub- 
sequently allowed  to  stand  at  rest  for  twenty-four  hours;  it  is  then 
again  diluted  with  water,  and  the  fluid  is  filtered  off  from  the 
precipitate  which  has  been  formed  in  the  process ; the  precipitate 
is  washed  with  water,  and  subsequently  digested  with  concentrated 
acetic  acid  ; the  solution  obtained  is  diluted  with  water,  decolor- 
ated  with  pure  animal  charcoal,  and  is  then  finally  examined  in  the 
usual  way  for  the  vegeto-alkalies  and  for  salicine. 
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GENERAL  PLAN  OF  THE  ORDER  AND  SUCCESSION  IN  WHICH 
SUBSTANCES  OUGHT  TO  BE  ANALYSED  FOR  PRACTICE. 

It  is  not  a matter  of  indifference  whether  the  student,  in  ana- 
lysing for  the  sake  of  practice,  follow  no  rule  or  order  whatever 
in  the  selection  of  the  substances  which  he  intends  to  analyze,  or 
whether,  on  the  contrary,  his  investigations  and  experiments 
proceed  systematically.  Many  ways  indeed  may  lead  to  the 
desired  end,  hut  one  of  them  will  invariably  prove  the  shortest. 
I will  therefore  here  point  out  a course  which  experience  has 
shown  to  lead  safely  and  speedily  to  the  attainment  of  the  object 
in  view. 

Let  the  student  take  one  hundred  compounds,  arranged  in 
systematic  order,  (vide  infra,)  and  let  him  analyze  these  compounds 
successively  in  the  order  in  which  they  stand  arranged.  A careful 
and  diligent  examination  of  these  will  be  amply  sufficient  to  impart 
to  him  the  necessary  degree  of  skill  in  practical  analysis.  When 
analysing  for  the  sake  of  practice  only,  the  student  must  above  all 
things  possess  the  means  of  verifying  the  results  obtained  by  his 
experiments.  The  compounds  to  be  examined  ought,  therefore,  to 
be  mixed  by  a friend  who  knows  their  exact  composition. 


A.  From  1 to  20. 

Aqueous  solutions  of  simple  salts  : e.  g.  sulphate  of  soda, 
nitrate  of  lime,  chloride  of  copper,  Ac.  These  investigations 
will  serve  to  teach  the  student  the  method  of  analysing  substances 
soluble  in  water,  containing  but  one  base.  In  these  investigations 
it  is  only  intended  to  ascertain  which  base  is  present  in  the  fluid 
under  examination ; but  neither  the  detection  of  the  acid,  nor  the 
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proof  of  the  absence  of  all  other  bases  besides  the  one  detected, 
are  required. 


B.  From  21  to  50. 

Salts,  &c.,  containing  one  base  and  one  acid  (in  solid 
form,  as  powder)  : e.  g.  carbonate  of  barytes,  borate  of  soda,  phos- 
phate of  lime,  arsenious  acid,  chloride  of  sodium,  acetate  of 
copper,  sulphate  of  barytes,  chloride  of  lead,  &c.  These  investi- 
gations will  serve  to  teach  the  student  the  method  of  effecting  the 
solution  of  substances,  and  of  detecting  one  acid  and  one  metallic 
oxide,  even  though  the  substance  under  examination  be  insoluble 
in  water.  The  detection  of  both  the  base  and  acid  is  required,  but 
it  is  not  necessary  to  prove  that  no  other  constituents  are  present. 


C.  From  51  to  70. 

Aqueous  or  acid  solutions  of  several  bases.  These  in- 
vestigations will  serve  to  teach  the  student  the  method  of  sepa- 
rating and  distinguishing  several  metallic  oxides  from  one  another. 
The  proof  is  required  that  no  other  bases  are  present  besides  those 
detected.  No  regard  is  paid  to  the  acids. 

I.  From  51  to  60.  These  are  intended  to  teach  the  student  the 
method  of  separating  the  metallic  oxides  into  the  principal  groups. 
The  solutions  contain,  consequently,  e.  g.  potass,  lime,  and  lead ; 
copper,  iron,  and  arsenic ; barytes,  antimony,  bismuth,  and 
potass,  &c. 

II.  61  to  70.  These  are  intended  to  teach  the  student  the 
method  of  effecting  the  individual  and  separate  detection  of  seve- 
ral bases  belonging  to  one  and  the  same  group,  and  present  con- 
jointly in  the  same  solution.  The  solutions  contain,  accordinglv, 
e.  g.  potass,  soda,  and  ammonia ; zinc,  manganese,  and  nickel ; 
copper,  mercury,  and  lead ; antimony,  tin,  arsenic,  &c. 
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I).  From  71  to  80. 

Aqueous  solutions  containing  several  acids  either  in 

THE  FREE  STATE  OR  IN  COMBINATION  WITH  BASES,  G.  g.  Sulphuric 
acid,  phosphoric  acid,  and  boracic  acid ; — carbonic  acid,  sulphu- 
retted hydrogen,  and  hydrocyanic  acid  ; tartaric  acid,  citric  acid, 
and  malic  acid ; chlorine,  iodine,  and  bromine ; nitric  acid,  hy- 
drochloric acid,  and  oxalic  acid.  These  investigations  are  in- 
tended to  teach  the  student  the  method  of  detecting  the  several  acids 
present  conjointly  in  the  same  solution.  The  proof  is  required 
that  no  other  acids  are  present  besides  those  detected.  The 
bases  are  disregarded. 


E.  From  81  to  100. 

Alloys,  minerals,  and  mixtures  of  every  description  ; — 
the  investigations  will  serve  for  further  practice,  and  to  prove  that 
the  student  has  attained  a certain  degree  of  practical  skill  in 
qualitative  analysis.  All  the  constituents  of  the  substance  under 
examination  must  be  detected,  and  the  nature  of  the  substance 
ascertained. 


III. 

Arrangement  of  the  results  of  the  analyses  per- 
formed for  practice. 

Themanner  in  which  the  results  of  analytical  investigations  ought 
to  be  noted  and  arranged  is  not  a matter  of  indifference,  as  long 
as  the  student  analyzes  for  practice..  The  following  examples 
will  serve  to  illustrate  the  method  which  1 have  found  the  most 
appropriate  in  this  respect. 
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Plan  of  arranging  the  results  of  experiments. 


Nos.  1 to  20. 

Colorless  fluid  of  neutral  reaction. 


Cl  H 

H S 

nh4s,  hs 

NH40,  C02  and 

no  precipitate , 

no  precipitate, 

no  precipitate, 

NH4  Cl 

consequently  no 

no  Pb  0 

no  Fe  0 

a white  precipitate, 

Ag  0 

„ Hg  0 

,,  Mn  0 

consequently  either 

Hg  2 0 

„ Cu  0 

,>  Ni  0 

BaO,  Sr  0,  or  CaO, 

„ BiO 

„ Co  0 

no  precipitate  by  so- 

„ Cd  0 

„ Zn  0 

lution  of  gypsum, 

consequently 

„ As  03 

,,  Al2  03 

Lime. 

„ As  Os 

» Or  2 03 

Confirmation  by 

„ Sb  O3 

means  of 

„ Sn  O2 

77 

„ Sn  0 

\J 

» Au  03 

„ Bt  02 

% 

Pp  O 

,,  x e2  vx 3 

Plan  of  arranging  the  results  of  experiments 

Nos.  21— 50. 


White  powder  melting  in  the  crystallizatio?i  water  upon  applica- 
tion of  heat , and  remaining  subsequently  unaltered — soluble 
in  water — reaction  neutral. 


Cl  H 

HS 

nh4s,  hs 

nh4o,  co2 

no  preci- 

no preci- 

no precipi- 

nh4, Cl 

pitate. 

pitate. 

tate. 

no  precipi- 
tate. 

2 NaO,  P05,and  NH 
a white  precipitate, 
consequently 
Magnesia. 


s 


The  detected  base  being  Mg  0,  and  the  analyzed  substance 
being  soluble  in  water,  Cl,  I,  Br,  S03  N05,  A,  &c.,  are  the  only 
acids  or  metalloids  that  can  be  present.  The  absence  of  the 
organic  acids  and  of  nitric  acid  lias  been  proved  already  by  the 
preliminary  examination. 

Ba  Cl  produces  a white  precipitate  which  Cl  H fails  to  dissolve  ; 
consequently  sulphuric  acid. 
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IV. 

TABLE 

OP  THE 

MORE  FREQUENTLY  OCCURRING  FORMS  AND 
COMPOUNDS  OF  THE  SUBSTANCES  TREATED  OF  IN  THE 

PRESENT  WORK, 

ARRANGED 

WITH  ESPECIAL  REGARD  TO  THE  CLASS,  TO  WHICH  THEY  RESPEC- 
TIVELY BELONG  ACCORDING  TO  THEIR  SOLUBILITY 

IN  WATER,  IN  HYDROCHLORIC  ACID,  OR  IN  NITRIC  ACID. 


PRELIMINARY  REMARKS. 

The  class  to  which  the  several  compounds  respectively  belong 
according  to  the  division  specified  at  § 109,  is  expressed  by 
figures.  Thus  1 or  I means  a substance  soluble  in  water;  2 or  II 
a substance  insoluble  in  water,  but  soluble  in  hydrochloric  acid,  or 
nitric  acid  ; 3 or  III  a substance  insoluble  both  in  water  and 
acids.  For  those  substances  which  stand  as  it  were,  on  the  limits 
between  the  various  classes,  the  figures  of  the  classes  in  question 
are  jointly  expressed  : thus  1 — 2 signifies  a substance  difficultly 
soluble  in  water,  but  soluble  in  hydrochloric  acid  or  nitric  acid ; 
1 — 3 a body  difficultly  soluble  in  water  and  of  which  the  solu- 
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bility  is  not  increased  by  the  addition  of  the  acids  ; and  *2 — 3 a 
substance  insoluble  in  water  and  difficultly  soluble  in  hydrochloric 
acid  and  in  nitric  acid.  Wherever  the  deportment  of  a substance 
with  hydrochloric  acid  differs  materially  from  that  which  it  ex- 
hibits with  nitric  acid,  this  is  stated  in  the  notes. 

The  roman  figures  denote  officinal  and  more  commonly  oc- 
curring compounds. 

The  haloid  salts  and  sulphur  compounds  are  placed  in  the  cor- 
responding column  of  the  protoxide  or  of  the  peroxide.  Most  of 
the  salts  given  are  neutral,  the  basic  and  acid  and  double  salts,  if 
officinal,  are  mentioned  in  the  notes  ; the  small  figures  placed 


A TABLE  OF  THE  MOLE  COMMONLY 


OCCULTING 


KO 

NaO 

NH4O 

BaO 

SrO 

CaO 

MgO 

AI2O3 

M11O 

FeO 

Fe2Os 

CoO 

NiO 

ZnO 

I 

I 

I 

I 

1 

I-II 

II 

II 

II 

II 

II 

II  ! 

II 

II 

s 

I 

I 

I 

I 

I 

I-II 

2 

II 

II 

II 

15 

1 G 

11 

Cl 

I 

I 

I12 

I 

I 

I 

1 

1 

I 

I 

I12 

I 

I 

1 

J 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

SOs 

Ii 

I 

Ii8 

III 

III 

I-III 

I 

I113 

I 

I 

I 

1 

I 

I 

KOs 

I 

I 

1 

I 

I 

I 

1 

1 

I 

1 

1 

I 

1 

POs 

1 

I10 

lio 

2 

2 

1 1 1 4 

2 

2 

2 

2 

II 

2 

2 

2 

CO* 

I2 

111 

I 

II 

II 

II 

II 

II 

2 

2 

II 

C2  Os 

Is 

1 

I 

2 

2 

II 

2 

2 

2 

1-2 

1-2 

2 

2 

2 

BO3 

14 

14 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

A 

I 

I 

I 

I 

1 

1 

1 

1 

1 

I 

1 

1 

I 

T 

I4-9 

17 

lo 

2 

2 

II 

1-2 

1 

1-2 

1-2 

Is 

1 

2 

As(>5 

I 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

AsO.s 

I 

1 

1 

2 

1 

2 

2 

2 

2 

Cr  Os 

I 

1 

1 

0 

2 

1 

1 

0 

t-t 

1 

1 

2 

1 

NOTES 

1.  Sulphate  of  potass  and  alumina  I. 

2.  Bicarbonate  of  potass  1. 

3.  Binoxalate  of  potass  I. 

4.  Tartarized  borax  I. 

5.  Bitartrate  of  potash  I. 

0.  Tartrate  of  potass  and  ammonia  I. 


NOTES. 
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near  the  corresponding  neutral  or  simple  salts,  refer  to  these. 
Cyanogen,  chloric  acid,  citric  acid,  malic  acid,  henzoic  acid,  suc- 
cinic acid,  and  formic  acid,  are  of  more  common  occurrence  in 
combination  with  a few  bases  only,  and  have  therefore  been 
omitted  from  the  table.  The  most  frequently  occurring  compounds 
of  these  substances  are  : cyanide  of  potassium  I,  ferrocyanide  of 
potassium  I,  ferricyanide  of  potassium  I,  sesqui-ferrocyanide  of 
iron  (Prussian  blue)  III,  ferrocyanide  of  zinc  and  potassium  II — 
III,  chlorate  of  potass  I,  the  alkaline  citrates  I,  the  alkaline 
malates  I,  permalate  of  iron  I,  the  alkaline  benzoates  I,  the  alka- 
line succinates  I,  and  the  alkaline  formiates  I. 


FORMS  AND  COMBINATION  OF  BODIES. 


CdO 

PbO 

SnO 

S11O2 

Bi03 

CuO 

Hg2  0 

HgO 

AgO 

Pt02 

A11O3 

Sb03 

Cr2  03 

2 

Ills 

2 

2 & 3 

2 

II22 

II 

II 

2 

2 

35 

II&III 

s 

2 

2 

20 

20 

2 

23 

III 

III 

30 

31 

1136 

Cl 

1 

I-III 

I 

1 

I 

124 

II-III 

128 

III 

132  33 

134 

137 

I 

J 

1 

II 

2 

1 

II 

II 

3 

so3 

I 

II-III 

1 

1 

125 

1-2 

129 

I-III 

1 

2 

I 

NOs 

1 

I 

I21 

I 

I27 

I 

1 

1 

I 

PO5 

2 

2 
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2 

2 

2 

2 

CO2 

2 

II 

2 

II 

2 

2 

2 

C2  O3 

2 

II 

2 

2 

2 

2 

2 

2 

1-2 

1 

BO3 

1-2 

2 

2 

2 

2 

l 

2 

2 

A 

1 

1 19 

1 

] 

1 

I26 

1-2 

1 

1 

1 

1 

T 

1-2 

2 

1-2 

2 

1 

1-2 

2 

2 

138 

1 

As05 

2 

2 

2 

2 

2 

2 

2 

1 

AsO:3 

2 

II 

2 

2 

2 

2 

Cr03 

II-III 

2 

2 

2 

2 

1-2 

2 

2 

2 

7.  Tartrate  of  potass  and  soda  I. 

8.  Tartrate  of  potass  and  peroxide  of  iron  I. 

9.  Tartrate  of  antimony  and  potass  I. 

10.  Phosphate  of  soda  and  ammonia  I. 

11.  Bicarbonate  of  soda  I. 

12.  Chloride  of  iron  and  ammonium  I. 

13.  Sulphate  of  alumina  and  ammonia  I. 
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14.  Basic  phosphate  of  lime  II. 

1 5.  Sulphuret  of  cohalt  is  readily  decomposed  by  nitric  acid,  but 

very  difficultly  by  hydrochloric  acid.  This  substance  is 
not  officinal. 

16.  The  same  applies  to  sulphuret  of  nickel. 

17.  Sulphuret  of  zinc.  Readily  soluble  in  nitric  acid,  some- 

what difficultly  soluble  in  hydrochloric  acid. 

18.  Minium  is  converted  by  hydrochloric  acid  into  chloride  of 

lead,  by  nitric  acid  into  oxide  which  redissolves  in  an 
excess  of  the  acid,  and  into  brown  peroxide  of  lead,  which 
is  insoluble  in  nitric  acid. 

19.  Triacetate  of  lead  I. 

20.  Sulphuret  and  bisulphuret  of  tin  are  decomposed  and  dis- 

solved by  hydrochloric  acid ; by  nitric  acid  they  are  con- 
verted into  peroxide,  which  is  insoluble  in  an  excess  of 
the  acid.  Sublimed  bisulphuret  of  tin  dissolves  only  in 
aqua  regia. 

21.  Basic  nitrate  of  bismuth  II. 

22.  Ammoniacal  oxide  of  copper  1. 

23.  Sulphuret  of  copper  is  difficultly  decomposed  by  hydrochloric 

acid,  but  with  facility  by  nitric  acid. 

24.  Chloride  of  copper  and  ammonium  1. 

25.  Sulphate  of  copper  and  ammonia  1. 

26.  Basic  acetate  of  copper,  soluble  partially  in  water,  and  com- 

pletely in  acids. 

27.  Basic  nitrate  of  protoxide  of  mercury  and  ammonia  II. 

28.  Basic  chloride  of  mercury  and  ammonium  II. 

29.  Basic  sulphate  of  peroxide  of  mercury  II. 

30.  Sulphuret  of  silver  soluble  only  in  nitric  acid. 

31.  Sulphuret  of  platinum  is  not  effected  by  hydrochloric  acid; 

boiling  nitric  acid  converts  it  into  a soluble  sulphate  of 
peroxide  of  platinum. 

32.  Chloride  of  platinum  and  potassium  1 — 3. 

33.  Chloride  of  platinum  and  ammonium  l — 3. 

34.  Chloride  of  gold  and  sodium  I. 
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35.  Oxide  of  antimony  soluble  in  hydrochloric  acid,  but  not  in 

nitric  acid. 

36.  Sulphuret  of  antimony  and  calcium  1 — 2. 

37.  Basic  chloride  of  antimony  II. 

38.  Tartrate  of  antimony  and  potass  I. 


THE  END. 
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Page  34,  last  lino  in  note,  leave  out  acid. 

237,  — 1§,for  101.  c .read  101  e. 

30,‘>,  line  seven  from  bottom,  leave  oat  or. 
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AND  THERAPEUTICAL  INDICATIONS.  With  Engravings  oil  Wood.  Second 
Edition.  Post  8vo.  cloth,  8s.  0 \d. 

“ A volume  calcuDited  to  be  of  great  utility  to  the  numerous  class  of  practitioners  who  are  at  this  time 
engaged  in  the  study  of  urinary  diseases.  It  contains  every  necessary  instruction  to  distinpuisk  the 
different  varieties  of  urinary  deposits,  both  by  means  of  the  microscope  and  chemical  tests.  The  treat- 
ment is  very  skilfully  displayed,  and  the  chapter  on  therapeutics  contains  views  regarding  the  action  of 
diuretics  of  great  practical  importance.” — Dublin  Medical  Journal. 


I 1 


11. 

ELEMENTS  OF  NATURAL  PHILOSOPHY;  being  an  Experimental 

Introduction  to  the  Study  of  the  Physical  Sciences.  Illustrated  with  numerous  Engrav- 
ings on  Wood.  Foolscap  8vo.  cloth,  12s.  (i d. 
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concise,  and  well-digested  volume.  The  elements  of  natural  philosophy  are  explained  in  very  simple 
language,  and  illustrated  by  numerous  wood-cuts.” — Medical  Gazette. 
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such  simple  forms,  and  so  forcible  a way,  that  we  cannot  help  understanding  their  laws,  their  operation, 
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has  succeeded  in  producing  an  elementary  work  of  great  merit,  which  may  be  profitably  used,  not  only 
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“We  cannot  too  strongly  recommend  the  diligent  study  of  this  volume.  The  work  cannot  fail  to 
rank  the  name  of  its  author  among  the  most  enlightened  pathologists  and  soundest  practitioners  of  the 
day.” — Medico- Chirurgical  Review. 

“We  have  thus  brought  to  a conclusion  our  notice  of  Dr.  Budd’s  able  and  practical  volume.  We 
have  no  hesitation  in  pronouncing  it  an  opportune  and  useful  publication ; and  we  do  not  doubt  that 
the  tolerably  full  digest  which  we  have  given,  and  the  quotations  we  have  made,  will  induce  our  readers 
to  seek  in  the  work  itself  that  large  amount  of  pathological  facts  and  inductions  which  we  confidently 
promise  them.” — British  and  Foreign  Medical  Review. 
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8vo.  cloth,  6‘s. 

“ Few  works  issue  from  the  medical  press  which  are  at  once  original  and  sound  in  doctrine ; but  such, 
we  feel  assured,  is  the  admirable  treatise  now  before  us.  The  important  practical  precepts  which  the 
author  inculcates  are  all  rigidly  deduced  from  facts  . . . Every  page  of  the  book  is  good,  and  eminently 
practical  ...  So  far  as  we  know  and  believe,  it  is  the  best  work  on  the  subject  of  which  it  treats.” — 
Monthly  Journal  of  Medical  Science.  » 

“ The  opportunities  which  our  author  possessed  of  investigating  uterine  disease  in  Paris  were  con- 
siderable. With  the  results  he  makes  us  acquainted  in  his  book ; of  which  we  feel  it  but  fair  to  speak 
in  terms  of  considerable  praise,  as  the  produce  of  much  industry  and  accuracy  of  observation.  . . . We 
cannot  part  with  our  author  without  again  expressing  our  high  opinion  of  his  work,  and  recommending 
our  brethren  to  possess  themselves  of  it.” — British  and  Foreign  Medical  Review. 


WW  WWW. 


MR.  ISAAC  B.  BROWN. 

ON  SCARLATINA;  AND  ITS  SUCCESSFUL  TREATMENT. 

Post  8vo.  cloth,  4s. 


DR.  B I N N S, 

FELLOW  OF  TIIE  SOCIETY  OF  ANTIGUA  RIAN  S OF  SCOTLAND,  ETC. 

THE  ANATOMY  OF  SLEEP ; OR,  THE  ART  OF  PROCURING 

SOUND  AND  REFRESHING  SLUMBER  AT  WILL.  Post  8vo.  cloth,  10s.  Sd. 


MR.  SEALE. 

A TREATISE  ON  THE  DISTORTIONS  AND  DEFORMITIES 

OF  THE  HUMAN  BODY  ; exhibiting  a Concise  View  of  the  Nature  and  Treat- 
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With  Plates.  Second  Edition.  8vo.  12s. 
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able opinion  of  his  work.  It  is  at  once  scientific  and  practical,  and  presents  a condensed  and  accurate 
sketch  of  the  many  points  on  spinal  and  other  deformities,  to  which  every  man  must  frequently  have 
occasion  to  refer  in  practice.” — Medical  and  Surgical  Journal. 


f@- 

mr.  Churchill’s  publications. 




MR.  BATEMAN, 

K U A BMACEU  T I C A L CHSMIS  T. 

MAGNACOPIA : A Practical  Library  of  Profitable  Knowledge,  connim- 

nicating  the  general  Minutiae  of  Chemical  and  Pharmaceutic  Routine,  together  with  the 
generality  of  Secret  Forms  of  Preparations;  including  Concentrated  Solutions  of  Camphor 
and  Copaiba  in  Water,  Mineral  Succedaneum,  Marmoratum,  Silicia,  Terro-Metallicum, 
Pharmaceutic  Condensions,  Prismatic  Crystallization,  Crystallized  Aromatic  Salt  of  Yine- 
gar,  Soda,  Seltzer  and  all  Spa  Waters;  for  Bottling  without  the  Use  of  Machinery; 
newly- invented  Writing  Fluids  ; Etching  on  Steel  or  Iron;  with  an  extensive  Variety  of 
etcetera.  Third  Edition.  1 8mo.  (in. 


WVVWwt  v 


SIR  ANTHONY  CARLISLE, 

LATE  PRESIDENT  OK  THE  ROYAL  COLLEGE  OK  SURGEONS. 
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EXTRACT  FROM  PREFACE. 

“ In  the  successive  editions  of  this  work,  I gave  such  additional  information  as  I had  been 
able  to  collect  from  authentic  sources  in  the  intervals  of  publication.  The  present  edition 
will,  I trust,  be  found  in  all  respects  a material  improvement  on  its  predecessors.  Every 
article  in  the  work  has  been  carefully  revised  ; and  although  I have  seen  no  reason  to  change 
my  opinions  on  the  characters  of  the  different  climates  treated  of,  the  information  I have 
continued  to  receive  from  others,  added  to  my  own  increasing  experience,  has  enabled  me 
with  more  confidence  and  precision  to  lay  down  rules  respecting  the  adaptation  of  certain 
climates  to  the  cure  of  particular  diseases.  But  with  all  the  improvements  which  I have 
been  able  to  effect  in  it,  the  work  is  still  to  be  regarded  only  as  an  essay  which  future  and 
much  more  extended  observations  will  be  required  to  perfect.  In  its  present  state,  it  will, 
I hope,  be  found,  what  it  has  been  my  desire  to  make  it,  a manual  to  the  physician  in 
selecting  a proper  climate  for  his  patient,  and  a guide  to  the  latter  when  no  longer  under  the 
direction  of  his  medical  adviser.” 
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tinent:— Environs  of  Naples,  Capo  di  Monte,  Sorento,  Castelamare,  Ischia,  Sienna,  Baths  of 
Lucca,  Switzerland.  Climate  of  Malta.  Climate  of  Egypt.  Atlantic  Climates : — Madeira, 
Canaries,  Azores,  Bermudas,  Bahamas,  West  Indies,  Jamaica,  Barbadoes,  St.  Vincent, 
Antigua,  St.  Kitt’s,  Nevis.  Climates  of  the  Southern  Hemisphere: — Cape  of  Good  Hope, 
Cape  Town.  Eastern  Province: — Australia,  New  South  Wales,  South  Australia,  Swan 
River,  Van  Diemen’s  Land,  New  Zealand.  Mineral  Waters. 
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DR.  CARPENTER,  F.R.S. 


PRINCIPLES  OF  HUMAN  PHYSIOLOGY,  with  their  chief  Appli- 
cations to  PATHOLOGY,  HYGIENE,  and  FORENSIC  MEDICINE.  With 
numerous  Illustrations  on  Steel  and  Wood.  Third  Edition.  One  thick  volume,  8vo. 
cloth,  21s. 

“ The  ‘ Principles  of  General  and  Comparative  Physiology  ’ of  Dr.  Carpenter,  which  have  just  entered 
upon  a new  edition,  and  which  we  have  had  occasion  to  mention  with  commendation  in  our  last  volume, 
had  already  opened  the  path  to  the  extension  of  the  labours  of  that  author  into  the  more  important 
department  of  Human  Physiology.  The  able  manner  in  which  the  subject  of  Comparative  Physiology 
was  handled,  the  enlarged  and  elevated  views  entertained  by  the  author,  at  once  pointed  to  Dr.  Car- 
penter as  the  writer  by  whom  the  obvious  want  in  the  field  of  Human  Physiology  was  to  be  supplied  . . . 
In  concluding  our  notice  of  this  volume,  we  do  so  by  recommending  it  most  strongly  to  our  readers,  and 
especially  to  our  young  friends  who  are  preparing  a foundation  upon  which  to  build  their  reputation 
and  future  success  in  life.  The  volume  is  beautifully  got  up ; it  will  form  an  ornamental  addition  to 
the  study  and  library.” — Lancet. 

II. 

PRINCIPLES  OF  GENERAL  AND  COMPARATIVE  PIIYSI- 

OLOGY  ; intended  as  an  Introduction  to  the  Study  of  Human  Physiology,  and  as  a 
Guide  to  the  Philosophical  Pursuit  of  Natural  History.  Illustrated  with  numerous 
Figures  on  Copper  and  Wood.  Second  Edition.  8vo.  cloth,  18s. 

“ I recommend  to  your  perusal  a work  recently  published  by  Dr.  Carpenter.  It  has  this  advantage, 
it  is  very  much  up  to  the  present  state  of  knowledge  on  the  subject.  It  is  written  in  a clear  style,  and 
is  well  illustrated.” — Professor  Sharpey’s  Introductory  Lecture. 

“In  Dr.  Carpenter’s  work  will  be  found  the  best  exposition  we  possess  of  all  that  is  furnished  by 
comparative  anatomy  to  our  knowledge  of  the  nervous  system,  as  well  as  to  the  more  general  principles 
of  life  and  organization.” — Dr.  Holland's  Medical  Notes  and  Reflections. 

“ See  Dr.  Carpenter’s  ‘ Principles  of  General  and  Comparative  Physiology,’ — a work  wdiich  makes  me 
proud  to  think  he  was  once  my  pupil.” — Dr.  Elliotson’s  Physiology . 


III. 

A MANUAL  OF  PHYSIOLOGY,  including  Physiological  Anatomy, 

for  the  use  of  the  Medical  Student.  With  numerous  Illustrations  on  Steel  and  Wood. 
Foolscap  8vo.  cloth,  12s.  6d. 

“Without  question,  the  best  manual  or  short  treatise  on  Physiology  extant.” — British  and  Foreign 
Medical  Review. 

V, 

“ A highly  scientific  and  philosophical  treatise  ; rich  in  novel  and  valuable  facts.” — Medical  Gazette. 
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DR.  G.  C.  CHILD. 

ON  INDIGESTION,  AND  CERTAIN  BILIOUS  DISORDERS 


OFTEN  CONJOINED  WITH  IT. 
8 vo.  cloth,  5s.  Qcl. 


To  which  are  added,  Short  Notes  on  Diet. 


“Dr.  Child  has  written  a very  sensible  book.  Notwithstanding  the  triteness  of  the  subject,  we  have 
read  it  through  with  considerable  interest,  and  not  without  instruction.  The  author  thinks  clearly,  and 
expresses  himself  with  perspicuity  and  conciseness.  He  has  brought  to  bear  on  the  topics  of  which  he 
treats  no  small  amount  of  experience,  reading,  and  reflection.” — Monthly  Journal  of  Medical  Science. 


DR.  CONOLLY. 

FELLOW  OF  THE  ROYAL  COLLEGE  OF  PHYSICIANS  OF  LONDON,  AND  PHYSICIAN  TO  THE 

MIDDLESEX  LUNATIC  ASYLUM  AT  HANWELL. 

THE  CONSTRUCTION  AND  GOVERNMENT  OF  LUNATIC 

ASYLUMS  AND  HOSPITALS  FOR  THE  INSANE.  With  Plans.  Post  8vo. 
cloth,  6s. 
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SIR  ASTLEY  COOPER,  BART.,  F.R.S. 

I. 

A TREATISE  ON  DISLOCATIONS  AND  FRACTURES  OF 

THE  JOINTS.  New  Edition,  much  enlarged.  Edited  by  BRANSBY  B.  COOPER, 
F.R.S.  With  126  Engravings  on  Wood,  by  Bagg.  8vo.  cloth,  20s. 

“In  this  work  we  find  the  last,  the  most  matured  news  of  its  venerable  author,  who,  with  unexam- 
pled zeal,  continued  to  almost  the  last  moment  of  his  life  to  accumulate  materials  for  perfecting  his 
works.  Every  practical  surgeon  must  add  the  present  volume  to  his  library.  Its  commodious  and 
portable  form — no  mean  consideration, — the  graphic,  the  almost  speaking  force  of  the  unequalled  illus- 
trations, the  copious  addition  of  valuable  and  instructive  cases,  and  the  great  improvement  in  clearness 
and  precision  which  has  been  gained  by  the  judicious  arrangement  of  the  materials,  all  combine  to 
render  the  present  edition  indispensable.” — British  and  Foreign  Medical  Review. 

II. 

ON  THE  STRUCTURE  AND  DISEASES  OF  T1IE  TESTIS. 

Illustrated  with  24  highly-finished  Coloured  Plates.  Second  Edition.  Royal  4to. 

lied  need  from  £3.  3 s.  to  £l.  1 Os. 

“The  republication  of  this  splendid  volume  supplies  a want  that  has  been  very  severely  felt  from  the 
exhaustion  of  the  first  edition  of  it  . . . The  practical  surgeon  who  is  not  master  of  its  contents  cannot 
be  fully  aware  of  the  imperfection  of  his  own  knowledge  on  the  subject  of  diseases  of  the  testicle.” — 
British  und  Foreign  Medical  Review. 
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MR.  COOPER, 

PROFESSOR  OF  SURGERY  IN  THE  UNIVERSITY  COLLEGE,  LONDON. 

L 

THE  FIRST  LINES  OF  THE  PRACTICE  OF  SURGERY; 

designed  as  an  Introduction  for  Students,  and  a Concise  Book  of  Reference  for  Practi- 
tioners. Sixth  Edition,  considerably  improved.  8 vo.  cloth,  18s. 

A DICTIONARY  OF  PRACTICAL  SURGERY ; comprehending  ail 

the  most  interesting  Improvements,  from  the  Earliest  Times  down  to  the  Present  Period. 
Seventh  Edition.  One  very  thick  volume,  8vo.  1/.  10s. 
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MR.  COOLEY. 

COMPREHENSIVE  SUPPLEMENT  TO  TIIE  PHARMACOPOEIAS. 


THE  CYCLOPAEDIA  OE  PRACTICAL  RECEIPTS,  AND  Col- 
lateral INFORMATION  IN  THE  ARTS,  MANUFACTURES,  AND 
TRADES,  INCLUDING  MEDICINE,  PHARMACY,  AND  DOMESTIC  ECO- 
NOMY ; designed  as  a Compendious  Book  of  Reference  for  the  Manufacturer,  Trades- 
man, Amateur,  and  Heads  of  Families.  Second  Edition,  in  one  thick  volume  of  800 
pages.  8vo.  cloth,  14s. 

The  design  of  this  work,  of  which  a second  edition  is  now  offered  to  the  public,  is  to  pre- 
sent an  accurate  and  compendious  collection  of  formula  and  processes,  together  with  a variety 
of  useful  practical  information.  It  will  be  found  to  contain  directions  for  the  preparation  of 
several  thousand  articles  of  interest  and  utility,  together  with  their  properties,  uses,  and 
doses,  and  generally  the  means  of  ascertaining  their  purity  and  detecting  their  presence  in 
other  compounds.  The  sources  from  which  the  materials  of  the  present  work  have  heen 
derived  are  such  as  to  render  it  deserving  of  the  utmost  confidence.  The  best  and  latest 
authorities  have  been  invariably  resorted  to,  and  innumerable  volumes,  both  British  and  Con- 
tinental, have  been  consulted  and  compared.  A large  portion  of  the  work  has  been  derived 
from  the  personal  experience  of  the  Editor,  and  the  processes  of  various  laboratories  and 
manufactories,  many  of  which  he  can  highly  recommend,  from  having  inspected  their  appli- 
cation on  an  extensive  scale.  The  indiscriminate  adoption  of  matter,  without  exami- 
nation, has  been  uniformly  avoided,  and  in  no  instance  has  any  process  been  admitted 
unless  it  rested  upon  some  well-known  fact  of  science,  or  came  recommended  on  good  au- 
thority. 
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MR.  CHURCHILL  S PUBLICATIONS. 


MR,  W.  WHITE  COOPER, 

PRACTICAL  REMARKS  ON  NEAR  SIGHT,  AGED  SIGHT, 

AND  IMPAIRED  VISION.  Post  8vo.  cloth,  7s. 

“ The  account  of  Mr.  Cooper’s  work  we  have  given,  shows  it  to  be  one  of  considerable  merit.” — 
Medico-Ch ini rgica l Review. 


MR.  CROSSE,  F.R.S. 

SURGEON  TO  THE  NORFOLK  AND  NORWTCH  HOSPITAL. 

I. 

A TREATISE  ON  THE  FORMATION,  CONSTITUENTS,  AND 

EXTRACTION  OF  THE  URINARY  CALCULUS  ; being  the  Essay  for  which 
the  Jacksonian  Prize  for  1833  was  awarded  by  the  Royal  College  of  Surgeons  in  London. 
With  numerous  Plates.  4to.  21.  2s.  plain,  21.  12s.  6d.  coloured. 

“It  is  a work  which  all  hospital-surgeons  will  possess — indeed,  which  all  surgeons  who  wish  to  be 
well  acquainted  with  their  profession  should.” — Dr.  Johnson’s  Review. 

II. 

AN  ESSAY  ON  INYERSIO  UTERI. 

Parts  I.  and  II.  With  Plates.  8vo.  cloth,  7s.  Gd.  each  Part. 


V 


MR.  COPEMAN. 


A COLLECTION  OE  CASES  OF  APOPEEXY. 

With  an  Explanatory  Introduction.  8vo.  cloth,  7s. 


MR.  CRISP,  M.R.G.S 

A TREATISE  ON  THE  STRUCTURE,  DISEASES,  AND 

INJURIES  OF  THE  BLOOD  VESSELS ; with  Statistical  Deductions.  Being 
the  Jacksonian  Prize  Essay,  1844.  8vo.  cloth,  14s. 

“ If  the  responsibility  of  a provincial  practitioner  is  great  in  the  daily  routine  of  practice,  it  is 
unusually  so  with  reference  to  wounds  of  arteries.  A thorough  knowledge  of  the  subject,  as  well  as 
presence  of  mind  to  apply  that  knowledge,  are  indispensable  ; and  the  committee  strongly  recommend 
the  study  of  Mr.  Crisp’s  work  to  those  who  desire  to  be  prepared  for  more  than  the  ‘ ordinary  emer- 
gencies ’ of  practice.” — 184/  “ Report  ” Provincial  Medical  Association. 
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SIR  ALEXANDER  DOWNIE,  M.  D. 

PHYSICIAN  TO  HER  MAJESTY’S  LEGATION  AT  FRANKFORT,  ETC. 

A PRACTICAL  TREATISE  ON  THE  EFFICACY  OF  MINERAL 

WATERS  IN  THE  CURE  OF  CHRONIC  DISEASE.  Illustrated  by  Cases. 
With  an  Analysis  of  the  most  reputed  Spas  of  Germany.  24mo.  cloth,  6s. 
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THE  SURGEON’S  VADE-MECUM;  with  numerous  Engravings  on 

Wood.  Fourth  Edition.  Foolscap  8 vo.  cloth,  12s.  Gd. 

“ . . . But  while  we  thus  enlarge  upon  the  merits  of  the  work  as  suitable  to  the  wants  of  the  student, 
we  feel  equally  warranted  in  recommending  it  to  the  perusal  of  the  practitioner,  as  fulfilling  the  intention 
of  the  author,  in  being  * a short,  but  complete  account  of  modern  surgery;’  containing  everything  that 
is  essential  to  the  right  understanding  of  its  principles,  and  embodying  the  experience  of  the  highest 
authorities  as  to  the  best  rules  of  practice.” — Lancet. 
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MR.  D U F T O N. 


THE  NATURE  AND  TREATMENT  OF  DEAFNESS  AND  DIS- 

F.ASKS  OF  THE  EAR,  AND  TIIE  TREATMENT  OF  THE  DEAF  AND 
DUMB.  Post  8vo.  cloth,  4s. 

“ One  of  the  best  compendiums  of  aural  medicine  and  surgery  which  has  hitherto  been  published.” — 
The  Lancet. 
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DR.  EVANS. 


A A CLINICAL  TREATISE  ON  TIIE  ENDEMIC  FEVERS  OF 

THE  WEST  INDIES,  intended  as  a Guide  for  the  Young  Practitioner  in  those  Coun- 
tries. 8vo.  cloth,  9s. 

“ We  strongly  recommend  this  work  to  every  medical  man  who  leaves  the  shores  of  England  for  the 
West-India  Islands.  It  is  full  of  instruction  for  that  class  of  the  profession,  and  indeed  contains  a great 
mass  of  materials  that  are  interesting  to  the  pathologist  and  practitioner  of  this  country.” — Medico- 
Chirurgical  Review. 
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SIR  JAMES  EYRE. 

PRACTICAL  REMARKS  ON  SOME  EXHAUSTING  DISEASES, 

particularly  those  incident  to  Women.  Post  8vo.  cloth,  4s. 

“ We  recommend  Sir  James  Eyre’s  Remarks  to  the  perusal  of  the  profession  ; they  are  evidently  the 
result  of  considerable  experience,  and  are  communicated  in  a condensed  and  practical  style.” — Lancet. 

‘‘The  thanks  of  the  profession  are  due  to  Sir  James  Eyre  for  this  plain  and  succinct  detail  of  im- 
portant cases,  treated  by  a safe  and  easy  remedy  which  is  only  just  coming  into  use.” — Johnson's 
Medico- Ch iru rgical  Review . 


DR.  J.  C.  AUGUST  FRANZ,  M.D. 


THE  EYE:  A TREATISE  ON  THE  ART  OF  PRESERVING 

THIS  ORGAN  IN  A HEALTHY  CONDITION,  AND  OF  IMPROVING 
TIIE  SIGHT;  to  which  is  prefixed  a View  of  the  Anatomy  and  Physiology  of 
the  Eye.  With  Plates.  Post  8vo.  7s.  Gd. 


ii. 


A TREATISE  ON  MINERAL  WATERS,  with  particular  reference  to 

those  Prepared  at  the  Royal  German  Spa  at  Brighton.  12mo.  cloth,  4s.  Gd. 
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MR.  FERGUSSON,  F.R.S.E. 

PROFESSOR  OF  SURGERY  IN  KING’S  COLLEGE,  LONDON. 

A SYSTEM  OF  PRACTICAL  SURGERY ; with  numerous  Illus- 

trations on  Wood.  Second  Edition.  Foolscap  8vo.  cloth,  12s.  6d. 

“ Professor  Fergusson’s  work,  we  feel  persuaded,  will  be  as  great  a favourite  as  it  deserves,  for  it  com- 
bines the  powerful  recommendations  of  cheapness  and  elegance  with  a clear,  sound,  and  practical 
treatment  of  every  subject  in  surgical  science.  The  illustrations,  by  Bagg,  are  admirable — in  his  very 
best  style.” — Edinburgh  Journal  of  Medical  Science. 


C.  REMIG1US  FRESENIUS. 

ELEMENTARY  INSTRUCTION  IN  CHEMICAL  ANALYSIS, 

AS  PRACTISED  IN  THE  LABORATORY  OF  GIESSEN.  Edited  by  LLOYD 
BULLOCK,  late  Student  at  Giessen. 

Qualitative;  Second  Edition.  8vo.  cloth,  9s. 

Quantitative;  8vo.  cloth,  14s. 

“ I can  confidently  recommend  this  work,  from  my  own  personal  experience,  to  all  who  are  desirous  of 
obtaining  instruction  in  analysis,  for  its  simplicity  and  usefulness,  and  the  facility  with  which  it  may  be 
apprehended.” — Baron  Liebig. 
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DR.  FLEMING. 
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AN  INQUIRY  INTO  THE  PHYSIOLOGICAL  AND  MEDICINAL 

PROPERTIES  OF  THE  ACONITUM  NAPELLUS ; to  which  are  added  Obser- 
vations  on  several  other  Species  of  Aconitum : being  a Thesis  to  which  a Gold  Medal  was 
awarded  by  the  Faculty  of  Medicine  of  the  University  of  Edinburgh,  at  the  Graduation 
of  1844.  8vo.  cloth,  5s. 
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DR.  WILLIAM  FARR. 


A MEDICAL  GUIDE  TO  NICE;  containing  every  Information  neces- 

sary to  the  Invalid  and  Resident  Stranger.  Post  8vo.  cloth,  5s.  Qd. 
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DR.  FORBES,  F.R.S. 


ILLUSTRATIONS  OF  MODERN  MESMERISM,  from  Personal  In- 

vestigation. Sewed,  2s.  6d. 

“ A smart,  able  production.  If  there  are  still  any  doubters  as  to  mesmerism  being  a fraud,  we  advise 
them  to  peruse  this  pamphlet.  It  certainly  is  a prickly  rod  for  one  of  the  classes  of  quacks.” — Lancet. 

“ If  Cruikshank  should  want  a subject  for  his  pencil,  he  cannot  do  better  than  take  up  this  little  book. 
It  is  the  most  comical  thing  that  has  appeared  since  Miss  Martineau’s  Revelations.” — Britannia. 
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DR.  FURNIVALL. 


ON  DISEASES  OF  THE  HEART  AND  ON  ANEURISM ; their 

Diagnosis,  Prevention,  and  Treatment.  8vo.  cloth,  8s. 

“ It  appears  to  us  that  few  writers  have  appreciated  so  justly  the  real  characters  and  tendencies  of 
cardiac  affections,  and  the  rational  plan  upon  which  they  should  be  treated.” — Medical  Gazette. 
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MR.  FOWNES,  PH.  D.,  F.R.S. 

raOKESSOR  OK  practical  chemistry  IN  UNIVERSITY  COLLEGE,  LONDON. 


L 

A MANUAL  OF  CHEMISTRY;  with  numerous  Illustrations  on  Wood. 

Fcap.  Bvo.  cloth,  12s.  6d. 

“The  author  of  this  Manual  has  made  a valuable  addition  to  the  existing  works  on  chemistry,  by  offer- 
ing the  student  an  accurate  compendium  of  the  state  of  chemical  science,  well  illustrated  by  appropriate 
and  neatly  executed  wood  engravings.” — Medico-Chirurgical  Review. 

“ An  admirable  exposition  of  the  present  state  of  chemical  science,  simply  and  clearly  written,  and 
displaying  a thorough  practical  knowledge  of  its  details,  as  well  as  a profound  acquaintance  with  its 
principles.  The  illustrations,  and  the  whole  getting-up  of  the  book,  merit  our  highest  praise.” — British 
and  Foreign  Medical  Review. 

II. 


THE  ACTONIAN  PRIZE  ESSAY  OF  100  GUINEAS, 

AWARDED  BY  TIIE  COMMITTEE  OF  THE  ROYAL  INSTITUTION  OK  GREAT  BRITAIN. 


CHEMISTRY;  AS  EXEMPLIFYING  THE  WISDOM  AND  BENEFICENCE 

OF  ( i ( ) I ) . Post  bvo.  cloth,  (Is. 


“The  field  which  the  author  has  gone  over  is  one  of  the  utmost  interest.  He  has  embraced  all  the 
leading  facts  of  the  subject,  and  made  them  to  bear  upon  his  principal  argument.  One  great  merit  of 
the  book  is,  that,  although  dealing  with  facts,  which  might  have  tempted  him  into  hasty  and  striking 
generalizations,  he  has  preferred  treading  cautiously  along  the  path  of  inductive  science.” — Athenaeum. 


III. 


INTRODUCTION  TO  QUALITATIVE  ANALYSIS.  Post  a vo.  doth,  2, 


IV. 


CHEMICAL  TABLES.  Folio,  price,  2.9.  Gr/. 
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MR.  GRANTHAM. 

FACTS  AND  OBSERVATIONS  IN  MEDICINE  AND  SURGERY, 

having  particular  reference  to  Fractures  and  Dislocations,  Gunshot  Wounds,  Calculus, 
Insanity,  Epilepsy,  Hydrocephalus,  the  Therapeutic  Application  of  Galvanism,  &c.  Bvo. 
cloth,  7s.  6d. 

“ The  contents  of  this  volume  prove  Mr.  Grantham  to  be  as  able  and  judicious  a practitioner  as  we 
know  him  to  be  a most  respectable  man.” — Dr.  Forbes'  Medical  Review. 
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MR.  GUTHRIE,  F.R.S. 

I. 

TIIE  ANATOMY  OF  THE  BLADDER  AND  OF  THE  URETHRA, 

and  the  Treatment  of  the  Obstructions  to  which  these  Passages  are  liable.  Third 
Edition.  8vo.  cloth,  5s. 

ii. 

ON  INJURIES  OE  TIIE  HEAD  AFFECTING  THE  BRAIN. 

4 to.  boards,  6s. 

“ The  great  practical  importance  of  those  affections  which  constitute  Mr.  Guthrie’s  Treatise.  A com- 
mentary on  such  a theme,  written  by  a surgeon  of  experience  and  reputation,  cannot  fail  to  attract  the 
attention  of  the  profession.” — British  and  Foreign  Medical  Review. 

III. 

ON  WOUNDS  AND  INJURIES  OF  THE  ARTERIES  OF  TIIE 

HUMAN  BODY ; with  the  Treatment  and  Operations  required  for  their  Cure. 
Bvo.  cloth,  3s. 

IV. 

ON  WOUNDS  AND  INJURIES  OF  THE  ABDOMEN  AND 

THE  PELVIS.  8vo.  cloth,  3s. 
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MR.  GRIFFITHS, 

PROFESSOR  OF  CHEMISTRY  IN  THE  MEDICAL  COLLEGE  OF  ST.  BARTHOLOMEW’S  HOSPITAL. 

CHEMISTRY  OF  THE  FOUR  SEASONS  — sP  ring,  Summer, 

Autumn,  Winter.  Illustrated  with  Engravings  on  Wood.  Post  ovo.  cloth,  10s.  6d. 

“This  volume  combines,  in  an  eminent  degree,  amusement  with  instruction.  The  laws  and  properties 
of  those  wonderful  and  mysterious  agents — heat,  light,  electricity,  galvanism,  and  magnetism,  arc  ap- 
propriately discussed,  and  their  influence  on  vegetation  noticed.  We  would  especially  recommend  it  to 
youths  commencing  the  study  of  medicine,  both  as  an  incentive  to  their  natural  curiosity,  and  an  intro- 
duction to  several  of  those  branches  of  science  which  will  necessarily  soon  occupy  their  attention.” — 
British  and  Foreign  Medical  Revieiv. 

□ R.  GAVIN, 

FELLOW  OF  THE  ROYAL  COLLEGE  OF  SURGEONS,  EDINBURGH  AND  LONDON. 

ON  FEIGNED  AND  FICTITIOUS  DISEASES,  chiefly  of  Soldiers 

and  Seamen;  on  the  means  used  to  simulate  or  produce  them,  and  on  the  best  Modes  of 
discovering  Impostors;  being  the  Prize  Essay  in  the  Class  of  Military  Surgery  in  the 
University  of  Edinburgh.  8vo.  cloth,  9s. 
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MR.  CHARLES  GARDENER  GUTHRIE. 

ON  CATARACT  AND  ITS  APPROPRIATE  TREATMENT 

BY  THE  OPERATION  ADAPTED  FOR  EACH  PECULIAR  CASE.  8vo, 
cloth,  4s. 
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DR.  GULLY. 

THE  WATER  CURE  IN  CHRONIC  DISEASE : an  Exposition  of 

the  Causes,  Progress,  and  Terminations  of  various  Chronic  Diseases  of  the  Viscera,  Nervous 
System,  and  Limbs,  and  of  their  Treatment  by  Water  and  other  Hygienic  Means.  8vo. 
Second  Edition.  In  the  Press. 

THE  SIMPLE  TREATMENT  OF  DISEASE;  deduced  from  the 

Methods  of  Expectancy  and  Revulsion.  18mo.  cloth,  As.  Qd. 

iii. 

AN  EXPOSITION  OF  THE  SYMPTOMS,  ESSENTIAL  NATURE, 

AND  TREATMENT  OF  NERVOUSNESS.  Second  Edition,  iivo.  6s. 

“This  volume  is  written  in  a lucid  style,  and  deserves  the  attention  of  every  medical  practitioner.” — 
Edinburgh  Medical  and  Surgical  Journal. 


DR.  GUY, 

PHYSICIAN  TO  KING’S  COLLEGE  HOSPITAL. 

HOOPER’S  PHYSICIAN’S  VADE-MECUM;  OR,  MANUAL  OF 

THE  PRINCIPLES  AND  PRACTICE  OF  PHYSIC.  New  Edition,  considerably 
enlarged,  and  re-written.  Foolscap  8vo.  cloth,  10s.  6d. 


M . G I B E R T. 

A PRACTICAL  TREATISE  ON  SPECIAL  DISEASES  OF  THE 

SKIN ; with  Cases  and  numerous  Notes.  By  C.  M.  GIBERT,  Physician  to  the  Hopital 
St.  Louis,  Fellow  of  the  Faculty  of  Medicine  at  Paris,  &c.  Translated  hy  EDGAR 
SHEPPARD,  M.  R.C.  S.  Post  8vo.  cloth,  7s.  6d. 

“ M.  Gibert  has  long  been  regarded  in  his  own  country  as  a high  authority  upon  cutaneous  pathology, 
and  his  manual  is  reckoned  a standard  work  on  the  subject;  we  are  pleased,  therefore,  to  see  an  English 
version  of  it,  and  Mr.  Sheppard  has  performed  his  task  in  a very  creditable  manner.  We  recommend 
the  work  as  a cheap  and  comprehensive  manual  of  skin  diseases.” — Dublin  Medical  Press. 
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DR.  GLOVER. 

ON  THE  PATHOLOGY  AND  TREATMENT  OF  SCROFULA; 

bein'*  the  Forthergillian  Prize  Essay  for  1846.  With  Plates.  8vo.  cloth,  10s.  6d. 

“ We  feel  much  pleasure  in  expressing  our  opinion  that  I)r.  Glover’s  work  reflects  credit  alike  upon 
him  as  the  Author,  and  upon  the  Medical  Society  of  London,  in  having  selected  it  for  the  Fothergillian 
Prize.  It  displays  excellent  scholarship,  and  an  ardent  zeal  in  the  pursuit  of  professional  knowledge.” 
— Medico-Chirurgical  Review. 


MR.  GRAY,  M.R.C.S. 

PRESERVATION  OF  THE  TEETH  indispensable  to  Comfort  and 

Appearance,  Health,  and  Longevity.  18mo.  cloth,  3s. 

“ This  small  volume  will  be  found  interesting  and  useful  to  every  medical  practitioner,  the  heads  of 
families,  and  those  who  have  the  care  of  children  ; while  persons  who  have  lost  teeth  will  be  made  aware 
of  the  cause,  and  enabled  to  judge  for  themselves  of  the  rationale  of  the  principles  pointed  out  for  their 
replacement,  and  preservation  of  the  remainder.” 


DR.  MARSHALL  HALL,  F.R.S. 

PRACTICAL  OBSERVATIONS  AND  SUGGESTIONS  IN  MEDI- 

CINE.  Post  8vo.  cloth,  8s.  6d. 

DITTO.  SftoniJ  Srrtrs.  Post  8vo.  cloth,  8s.  6d. 

“ The  work  affords  fruits  of  the  mental  energy  of  an  observer  who  is  anything  but  content  to  follow 
the  beaten  path  where  more  successful  roads  lie  open  before  him.  It  is  not  a work  of  speculative 
dreamy  philosophy,  but  of  sound  practical  common  sense,  and  as  such  will  recommend  itself  to  the 
judicious  practitioner.” — Northern  Journal  of  Medicine. 


MR.  WILLIAM  HARVEY,  M.R.C.S. 

SURGEON  TO  THE  ROYAL  DISPENSARY  FOR  DISEASES  OF  THE  EAR. 

A SYNOPSIS  OF  THE  DISEASES  IJF  THE  HUMAN  EAR. 

9s.  Gd.  on  a sheet,  or  4s.  on  canvas,  bound  in  cloth. 
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DR.  HENNEN,  F.R.S. 

PRINCIPLES  OF  MILITARY  SURGERY;  comprising  Observations 

on  the  Arrangement,  Police,  and  Practice  of  Hospitals,  and  on  the  History,  Treatment, 
and  Anomalies  of  Variola  and  Syphilis.  Illustrated  with  Cases  and  Dissections.  Third 
Edition.  With  Life  of  the  Author,  by  his  Son,  Dr.  John  Hennen.  8vo.  boards,  16s. 

“ The  value  of  Dr.  Hennen’s  work  is  too  well  appreciated  to  need  any  praise  of  ours.  We  are 
only  required,  then,  to  bring  the  third  edition  before  the  notice  of  our  readers ; and  having  done 
this,  we  shall  merely  add  that  no  military  surgeon  ought  to  be  without  it.” — Medical  Gazette. 
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MR.  HOOD. 

ON  THE  DISEASES  MOST  FATAL  TO  CHILDREN,  with  Re- 

ference  to  the  Propriety  of  Treating  them  as  proceeding  from  Irritation,  and  not  from  In- 
flammation. Post  8vo.  cloth,  6s. 

“ The  views  of  Mr.  Hood  are,  to  a greater  extent  than  is  usually  imagined,  borne  out  by  all  the  best 
late  Nvriters  who  have  seen  much  practice  among  children.  The  work  is  purely  a practical  one,  and  is  a 
valuable  contribution  to  our  knowledge.” — Edinburgh  Medical  and  Surgical  Journal. 
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MR.  HARRISON. 

DEFORMITIES  OF  THE  SPINE  AND  CHEST,  successfully  treated 

by  Exercise  alone,  and  without  Extension,  Pressure,  or  Division  of  Muscles.  Illus- 
trated with  Twenty-eight  Plates.  8vo.  cloth,  8s. 
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DR.  HOSKINS,  F.R.S. 

SCHARLING  ON  THE  CHEMICAL  DISCRIMINATION  OF 

VESICAL  CALCULI.  Translated,  with  an  Appendix  containing  Practical  Directions 
for  the  Recognition  of  Calculi.  With  Plates  of  Fifty  Calculi,  accurately  coloured. 
I2mo.  cloth,  7s.  6d. 

“The  volume  of  Professor  Scharling  gives,  in  the  fullest  anrl  minutest  manner,  the  information 
requisite  for  the  chemical  discrimination  of  vesical  calculi,  and  conveys  the  directions  for  analysis  so 
clearly,  and  with  so  much  arrangement,  that  the  hard-working  practitioner  (who  is  not,  and  cannot 
be  a perfect  chemical  analyst)  may,  by  its  aid,  ascertain  with  precision  the  composition  of  calculi. 
The  value  of  Professor  Scharling’s  book  is  much  increased  by  its  numerous  coloured  engravings  of 
vesical  calculi,  and  by  its  description  of  their  physical  character  and  aspect.” — Provincial  Medical 
Journal. 
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DR.  G.  CALVERT  HOLLAND. 

I. 

THE  PHILOSOPHY  OF  THE  MOTING  POWERS  OF  THE 

BLOOD.  8vo.  cloth,  8s. 

“This  work  evinces  much  penetration,  and  is  well  worthy  of  consideration.” — Medico-Chirurgical 
Review. 

“ We  recommend  Dr.  Holland’s  work  to  the  attention  of  such  of  our  readers  as  wish  to  go  more 
deeply  into  the  question  than  they  can  do  by  means  of  the  ordinary  treatise  on  physiology.” — 
British  and  Foreign  Medical  Review. 

II. 

DISEASES  OF  THE  LUNGS  FROM  MECHANICAL  CAUSES, 

and  Inquiries  into  the  Condition  of  the  Artisans  exposed  to  the  Inhalation  of  Dust. 
8vo.  cloth,  4s.  6d. 

DR.  HOPE,  F.R.S. 

LATE  PHYSICIAN  TO  ST.  GEORGE’S  HOSPITAL. 

A TREATISE  ON  THE  DISEASES  OF  THE  HEART  AND 

GREAT  VESSELS,  and  on  the  Affections  which  may  be  mistaken  for  them.  Third 
Edition.  With  Plates.  8vo.  cloth,  18s. 
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MR.  THOMAS  HUNT,  M.R.C.S. 

THE  PATHOLOGY  AND  TREATMENT  OF  CERTAIN  DIS- 

EASES  OF  THE  SKIN,  generally  pronounced  Intractable.  Illustrated  by  upwards 
of  Forty  Cases.  8vo,  cloth,  6s. 

“We  have  found  Mr.  Hunt’s  practice  exceedingly  successful  in  severe  obstinate  cases.” — Braith- 
waite’s  Retrospect  of  Medicine. 

“The  facts  and  views  he  brings  forward  eminently  merit  attention.” — British  and  Foreign  Medical 
Review. 


DR.  JOHNSTONE, 

PHYSICIATV  TO  THE  GENERAL  HOSPITAL,  BIRMINGHAM. 

A DISCOURSE  ON  THE  PHENOMENA  OE  SENSATION, 

AS  CONNECTED  WITH  THE  MENTAL,  PHYSICAL,  AND  INSTINCTIVE 
FACULTIES  OF  MAN.  8vo.  cloth,  8s. 

“ This  volume  contains  a good  resumd  of  the  labours  of  different  physiologists  ; it  exhibits  careful  and 
extensive  reading,  and  a just  and  candid  appreciation  of  the  labours  of  other  men.  The  student  of  the 
nervous  system  will  derive  benefit  from  the  perusal  of  this  work,  which  is  very  creditable  to  its 
author.” — Dublin  Journal  of  Medical  Science. 
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MR.  WHARTON  JONES,  F.R.S. 

A MANUAL  OF  THE  PRINCIPLES  AND  PRACTICE  OF 

OPHTHALMIC  MEDICINE  ANII  SURGERY  ; illustrated  with  102  Engravings, 
plain  and  coloured.  Foolscap  !!vo.  cloth,  1 "2s.  G</. 


“The  execution  of  the  work  sustains  in  every  point  the  already  high  reputation  of  the  author  as  an 
ophthalmic  surgeon,  as  well  as  a physiologist  and  pathologist.  We  entertain  little  doubt  that  this 
book  will  become  a manual  for  daily  reference  and  consultation  by  the  student  and  the  general  practi- 
tioner.”— British  and  Foreign  Medical  Review. 


MR.  JUKES, 

SURGEON  TO  THE  GENERAL  HOSPITAL,  BIRMINGHAM. 

A CASE  OF  CARCINOMATOUS  STRICTURE  OF  THE  RECTUM. 

in  which  the  Descending  Colon  was  opened  in  the  Loin.  4to.  with  Four  Plates,  3s. 


MR.  LAWRENCE,  F.R.S. 


A TREATISE  ON  RUPTURES. 


The  Fifth  Edition,  considerably 


enlarged.  8vo.  cloth,  1 Gs. 

“ The  peculiar  advantage  of  the  treatise  of  Mr.  Lawrence  is,  that  he  explains  his  views  on  the  anatomy 
of  hernia  and  the  different  varieties  of  the  disease  in  a manner  which  renders  his  book  peculiarly  useful 
to  the  student.  It  must  be  superfluous  to  express  our  opinion  of  its  value  to  the  surgical  practitioner. 
As  a treatise  on  hernia,  presenting  a complete  view  of  the  literature  of  the  subject,  it  stands  in  the  first 
rank.”  — Edinburgh  Medical  and  Surgical  Journal. 
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DR.  HUNTER  LANE,  F.L.S.,  F.S.S.A. 

A COMPENDIUM  OF  MATERIA  MEDICA  AND  PHARMACY; 

adapted  to  the  London  Pharmacopoeia,  embodying  all  the  new  French,  American,  and 
Indian  Medicines,  and  also  comprising  a Summary  of  Practical  Toxicology.  One  neat 
pocket  volume.  Cloth,  5s. 

“ Dr.  Lane’s  volume  is  on  the  same  general  plan  as  Dr.  Thompson’s  long  known  Conspectus;  but  it 
is  much  fuller  in  its  details,  more  especially  in  the  chemical  department.  It  seems  carefully  compiled, 
is  well  suited  for  its  purpose,  and  cannot  fail  to  be  useful.” — British  and  Foreign  Medical  Review. 

“ This  work  contains  a concise  but  comprehensive  account  of  all  the  simple  and  compound  medicines 
in  use  ; it  contains  a greater  amount  of  chemical  information  than  we  often  meet  with  in  a small  work  on 
pharmacy.  The  work  is  worthy  of  recommendation.” — Lancet. 


MR.  T.  S.  LEE. 

ON  TUMOURS  OF  THE  UTERUS  AND  ITS  APPENDAGES ; 

being  the  Jacksonian  Prize  Essay.  8vo.  cloth,  8s. 


MR.  EDWIN  LEE. 


I. 


OBSERVATIONS  ON  THE  MEDICAL  INSTITUTIONS  AND 

PRACTICE  OF  FRANCE,  ITALY,  AND  GERMANY ; with  Notices  of  the 
Universities  and  Climates,  and  a parallel  view  of  English  and  Foreign  Medicine 
and  Surgery.  Second  Edition,  7s. 

ii. 

REMARKS  ON  MEDICAL  ORGANIZATION  AND  REFORM, 

Foreign  and  English.  8vo.  cloth,  3s.  6d. 

iii. 

PRACTICAL  OBSERVATIONS  ON  MINERAL  WATERS  AND 

BATHS. 

Contents: — On  Mineral  Waters  in  General — Classification  and  Effects  of  Employment 
of — Adaptation  to  States  of  Disease — Sea  Lathing — Artificial  Mineral  Waters — Notes 
on  Continental  Climates — The  Cold-Water  Cure.  Post  8vo.  cloth,  4s.  6d. 
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LECTURER  ON  MIDWIFERY  AT  ST.  GEORGE’S  HOSPITAL,  ETC. 


CLINICAL  MIDWIFERY.  With  the  Histories  of  Four  Hundred  Cases 

of  Difficult  Labour.  Foolscap  8vo.  cloth,  4s.  6d. 


MR.  LISTON,  F.R.S. 

SURGEON  TO  THE  NORTH  LONDON  HOSPITAL. 

PRACTICAL  SURGERY.  Fourth  Edition.  8vo.  cloth,  22.5. 

“ In  conclusion,  it  is  scarcely  necessary  to  repeat  our  earnest  recommendation  of  Mr.  Liston’s  work. 
Having  on  a former  occasion  expressed  ourselves  strongly  on  the  subject,  we  can  only  add  that  the  pre- 
sent edition  is,  as  it  should  be,  even  more  worthy  of  our  praise  than  its  predecessors.  It  is  a guide  to  the 
advanced  student,  and,  as  suggesting  practical  observations  of  the  highest  value  to  the  practitioner,  it  is 
unsurpassed.” — British  and  Foreign  Medical  Review. 


MR.  EDWARD  F.  LONSDALE, 

ASSISTANT-SURGEON  TO  THE  ROYAL  ORTHOPCEDIC  HOSPITAL. 
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I. 


A PRACTICAL  TREATISE  ON  FRACTURES. 


Sixty  Woodcuts.  8vo.  boards,  16s. 


ii. 


Illustrated  with 


OBSERVATIONS  ON  THE  TREATMENT  OF  LATERAL  CUffi 

YATURE  OF  THE  SPINE;  pointing  out  the  Advantages  to  be  gained  by  placing  the 
Body  in  a position  to  produce  Lateral  Flexion  of  the  Vertebral  Column,  combined  with 
the  after  application  of  Firm  Mechanical  Support.  8vo.  cloth,  6s. 

“ We  would  wish  that  this  treatise  on  lateral  curvature  of  the  spine  were  generally  read,  since  much 
ignorance  prevails  concerning  the  subject,  and,  consequently,  it  presents  an  ample  field  for  the  quack, 
and  an  opprobrium  to  the  profession.” — Lancet. 
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M.  LU  G O L. 

ON  SCROFULOUS  DISEASES.  Translated  from  the  French,  with 

Additions  by  W.  II.  RANKING,  M.D.,  Physician  to  the  Suffolk  General  Hospital. 
8vo.  cloth,  10s.  6d. 

“ One  of  the  most  valuable  works  presented  to  the  public  for  many  a year,  and  calculated  to  deeply 
modify  the  views  of  the  profession  with  regard  to  the  pathology  of  scrofula.” — Lancet. 


DR.  MACKNESS, 

PHYSICIAN  TO  THE  HASTINGS  DISPENSARY. 

HASTINGS,  CONSIDERED  AS  A RESORT  FOR  INVALIDS, 

with  Tables  illustrative  of  its  Temperature,  Salubrity,  and  Climate,  showing  its 
suitability  in  Pulmonary  and  other  Diseases;  also  Directions  for  the  Choice  of  a 
Residence,  and  Hints  as  to  Diet,  Regimen,  Bathing,  &c.  8vo.  cloth,  4s. 

ii. 

THE  MORAL  ASPECTS  OF  MEDICAL  LIFE;  containing  the 

“Acesius  ” of  PROFESSOR  MARX.  12mo.  cloth,  7s.  6d. 


DR.  MACREIGHT. 

A MANUAL  OF  BRITISH  BOTANY  \ with  a Series  of  Analytical 

Tables  for  the  Assistance  of  the  Student  in  the  Examination  of  the  Plants  indigenous  to, 
or  commonly  cultivated  in,  Great  Britain.  Small  8vo.  cloth,  7s.  6af. 

“There  is  a prodigious  mass  of  elementary  matter  and  useful  information  in  this  pocket  volume.” 
Medico- Chirurgical  Review. 
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MR.  MACILWAIN, 

CONSULTING  SURGEON  TO  THE  FINSBURY  DISPENSARY,  ETC. 

ON  TUMOURS,  THEIR  GENERAL  NATURE  ANI)  TREAT- 

MENT. «vo.  cloth,  5s. 

DR.  MILLINGEN. 

ON  THE  TREATMENT  AND  MANAGEMENT  OF  THE  IN- 

SANE;  with  Considerations  on  Public  and  Private  Lunatic  Asylums,  18mo.  cloth, 
4 s.  6d. 

“ Dr.  Millingen,  in  one  small  pocket  volume,  has  compressed  more  real  solid  matter  than  could 
he  gleaned  out  of  any  dozen  of  octavos  on  the  same  subject.  We  recommend  this  vade-mecum  as  the 
best  thing  of  the  kind  we  ever  perused. ’ ’ — Dr.  Johnson's  Review. 
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MR.  NASMYTH,  F.L.S.,  F.G.S. 

I. 

RESEARCHES  ON  THE  DEVELOPMENT,  STRUCTURE,  AND 

DISEASES  OF  THE  TEETH.  With  Plates.  8to.  cloth,  10s.  8d. 

“ Such  interesting  and  important  discoveries  have  lately  been  made  on  the  structure  of  the  teeth,  and 
so  important  have  these  organs  become  as  guides  to  the  anatomist  in  the  classification  of  the  different 
members  of  the  animal  kingdom,  that  a new  work  on  the  subject  was  imperatively  called  for,  and  the 
demand  could  not  have  been  more  efficiently  responded  to  than  it  is  by  Mr.  Nasmyth  in  the  work  before 
us.” — Lancet. 

II. 

THREE  MEMOIRS  ON  THE  DEVELOPMENT  AND  STRUC- 
TURE OF  THE  TEETH  AND  EPITHELIUM.  With  Plates.  Second  Edition. 
8 vo.  cloth,  6s. 

“ Here  we  terminate  our  notice  of  this  interesting  and  important  volume,  strongly  recommending  it 
to  the  attention  of  all  who  are  interested  in  the  scientific  investigation  connected  with  our  profession.” — 
Medical  Gazette. 

“ The  work  of  Air.  Nasmyth  contains  an  entire  translation  of  the  papers  of  Rctzius,  illustrated  by 
many  beautiful  and  original  plates  ; also  a complete  view  of  the  researches  of  those  whose  names  we 
have  introduced  in  the  present  article  ; and,  lastly,  a comprehensive  historical  survey  of  all  w orks 
on  odontology.” — British  and  Foreign  Medical  Review. 
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MR.  NEWNHAM,  M.R.S.L. 

HUMAN  MAGNETISM : its  Claims  to  Dispassionate  Inquiry.  Being  an 

attempt  to  show  the  Utility  of  its  Application  for  the  Relief  of  Human  Suffering. 

8vo.  cloth,  9s. 


Post 
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MR.  NOBLE,  M.R.C.S.E. 

THE  DRAIN  ANH  ITS  PHYSIOLOGY : a Critical  Disquisition  on  the 

Methods  of  Determining  the  Relations  subsisting  between  the  Structure  and  Functions 
of  the  Encephalon.  Post  8vo.  cloth,  6s. 

“ Injustice  to  Air.  Noble,  we  feel  it  right  to  state  that  we  know  of  no  treatise  which  is  calculated  to 
convey  to  an  intelligent  and  discriminative  reader  a better  idea  of  phrenology;  as  he  is  alike  free  from 
the  shallow  dogmatisms  of  some  authors,  and  the  bold  and  ignorant  quackeries  which  are  so  repulsive 
in  others,  and,  if  the  correctness  of  his  fundamental  principles  be  conceded,  makes  a legitimate  and 
philosophical  use  of  observation  for  the  establishment  of  truths  of  which  he  is  in  search.” — British  and 
Foreign  Medical  Review. 
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V MR.  NUNNELEY. 

A TEEATISE  ON  TEE  NATURE,  CAUSES,  AND  TREATMENT 

OF  ERYSIPELAS.  8vo.  cloth,  10s.  6d. 


MR.  PAGET, 

LECTURER  ON  PHYSIOLOGY  AT  ST.  BARTHOLOMEW’S  HOSPITAL. 

I. 

REPORT  ON  THE  CHIEF  RESULTS  OBTAINED  BY  THE  USE  OF  THE 

MICROSCOPE,  in  the  Study  of  Human  Anatomy  and  Physiology.  8vo.  2s.  6d. 

ii. 

RECORDS  OF  HARVEY,  in  Extracts  from  the  Journals  of  the  Royal 

Hospital  of  St.  Bartholomew.  8vo.  2s.  6d. 

in. 

A DESCRIPTIVE  CATALOGUE  OF  THE  ANATOMICAL  MUSEUM  OF 

ST.  BARTHOLOMEW’S  HOSPITAL.  Vol.  I.  Morbid  Anatomy.  8vo.  cloth,  5s. 
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MR.  LANGSTON  PARKER, 

SURGEON  TO  OUEEN’s  HOSPITAL,  BIRMINGHAM. 

THE  MODERN  TREATMENT  OF  SYPHILITIC  DISEASES, 

both  Primary  and  Secondary ; comprehending  the  Improved  Methods  of  Practice  adopted 
in  this  Country  and  on  the  Continent,  with  numerous  Formulae  for  the  Preparation  and 
Administration  of  the  new  Remedies;  to  which  is  added  an  Account  of  a Safe  and  Success- 
ful Mode  of  Treating  Chronic,  Constitutional,  and  Protracted  Syphilis  by  the  Mercurial 
Vapour  Bath,  Second  Edition,  considerably  enlarged.  Post  8vo.  cloth,  6s.  6d. 

“ Not  less  distinguished  for  the  deep  research  of  its  author,  than  for  the  clear  methodical  style  which 
pervades  its  pages.” — Dublin  Medical  Journal. 

•‘‘This  little  work  is  a useful  compendium  of  the  practice  of  the  French  surgeons.  The  book  is 
judicious  and  well  timed,  and  will  save  many  practitioners  from  the  erroneous  dulness  of  routine.” — 
Medical  Gazette. 
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DR.  PROUT,  F.  R.S. 

ON  THE  NATURE  AND  TREATMENT  OF  STOMACH  AND 

RENAL  DISEASES;  being  an  Inquiry  into  the  Connection  of  Diabetes,  Calculus,  and 
other  Affections  of  the  Kidney  and  Bladder  with  Indigestion.  Fourth  Edition. 
With  Six  Engravings.  8vo.  cloth,  20s. 

“ We  acknowledge  and  have  pride  in  bearing  testimony  to  the  high  qualifications  of  our  countryman 
in  the  branch  of  pathological  inquiry  based  upon  chemical  facts;  we  recognise  the  comprehensive 
sagacity  of  his  speculations,  and  respect  the  patient  zeal  with  which  he  has  toiled  to  erect  upon  these  a 
stable  system,— the  important  connection  between  a large  number  of  disordered  states  of  the  urinary 
secretion  and  disordered  states  of  the  process  of  digestion  and  assimilation.  . . . We  have  only  to  repeat 
our  conviction  that  no  student  or  practitioner  can  be  regarded  as  even  tolerably  acquainted  with  the 
subject  who  has  not  read  and  re-read  them.” — British  and  Foreign  Medical  Review. 


BY  THE  SAME  AUTHOR. 


CHEMISTRY,  METEOROLOGY,  AND  THE  FUNCTION  OF 


Being 


DIGESTION,  considered  with  reference  to  NATURAL  THEOLOGY. 

U Third  Edition,  with  much  new  matter,  of  the  “Bridgewater  Treatise.”  8vo.  cloth,  15s. 

“ Those  who  have  been  benefited  by  the  labours  and  researches  of  Dr.  Prout  will  he  delighted  to  see 
the  announcement  of  the  third  edition,  so  much  enlarged  as  to  be  almost  a new  work.  . . . This  table  of 
contents  will  show  the  great  extent  of  our  author’s  inquiries,  and  we  need  hardly  assure  our  readers 
that  the  subjects  are  treated  with  consummate  ability.” — Dublin  Journal  of  Medical  Science. 
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£ PROVINCIAL  ASSOCIATION. 

! TRANSACTIONS  OF  THE  PROVINCIAL  MEDICAL  ANI)  SUR- 


GICAL  ASSOCIATION;  containing  valuable  Communications  on  Medicine  and 
Surgery,  Medical  Topography,  Infirmary  Reports,  and  Medical  Statistics.  With 
Plates,  8vo.  cloth. 

Vols.  I.  to  XV.  have  been  published. 
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MR.  PETTIGREW,  F.R.S. 

ON  SUPERSTITIONS  connected  with  the  History  and  Practice  of 

Medicine  and  Surgery.  8vo.  cloth,  7s. 

“The  anecdotal  character  of  this  work  cannot  fail  to  render  it  generally  acceptable;  while  the  good 
sense  that  pervades  it,  as  distant  from  empty  declamation  as  from  absurd  credulity,  stamps  it  with  true 
historic  value.” — Gentleman' s Magazine. 

“ Mr.  Pettigrew’s  work  is  a curious  investigation  into  the  various  forms  of  superstition  in  any  way 
connected  with  the  history  and  practice  of  medicine  and  surgery.  He  has  expended  much  research  upon 
it,  and  has  accumulated  a great  number  of  most  interesting  facts.” — Metropolitan  Magazine. 
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T1IE  PRESCRTBER’S  PHARMACOPEIA ; containing  all  the  Medi- 
cines in  the  London  Pharmacopoeia,  arranged  in  Classes  according  to  their  Action,  with 
their  Composition  and  Doses.  By  a Practising  Physician.  Third  Edition.  32mo. 
cloth,  2s.  GcL ; roan  tuck  (for  the  pocket),  3s.  Gd. 

“ Never  was  half-a-crown  better  spent  than  in  the  purchase  of  this  ‘ Thesaurus  Medicaminum.'  This 
little  work,  with  our  visiting-book  and  stethoscope,  are  our  daily  companions  in  the  carriage.” — 
Dr.  Johnson's  Review. 
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DR.  RANKING. 

THE  HALF-YEARLY  ABSTRACT  OF  THE  MEDICAL  SCIENCES; 

being  a Practical  and  Analytical  Digest  of  the  Contents  of  the  Principal  British  and  Con- 
tinental Medical  Works  published  in  the  preceding  Half-Year;  together  with  a Critical 
Report  of  the  Progress  of  Medicine  and  the  Collateral  Sciences  during  the  same  period. 

Volumes  I.  to  V.,  6s.  Gd.  each. 

The  great  success  this  work  received  on  the  appearance  of  its  first  volume  has  encouraged 
the  editor  to  make  additional  arrangements  to  those  he  had  originally  entered  into,  and 
which  he  trusts  will  be  found  to  add  both  to  the  literary  merits  and  practical  value  of  the 
publication. 

“The  sifting  which  the  journals  and  other  medical  works  undergo,  and  the  judicious  selection  from 
their  pages  of  points  of  practical  interest,  and  of  discoveries  of  importance  in  the  collateral  sciences,  form 
an  important  part  of  the  duty  of  the  editor  ; and,  after  a careful  examination  of  Dr.  Ranking’s  volumes, 
we  are  bound  to  state  that  the  duty  has  been  most  ably  performed.” — Provincial  Medical  Journal. 

“ The  difficulty  of  obtaining  a competent  knowledge  of  the  current  literature  of  the  day,  which  is  so 
much  felt  by  those  actively  employed  in  the  duties  of  our  profession,  and  especially  by  that  most  im- 
portant class,  the  general  practitioner,  will,  we  think,  be  greatly  diminished  by  the  publication  of  a work 
containing  a brief,  but  excellent  summary  of  the  most  recent  researches.  Dr.  Ranking’s  ‘ Half-Yearly 
Abstract  of  the  Medical  Sciences,’  of  wffiich  the  first  volume  has  just  appeared,  possesses  the  peculiar 
advantage  of  presenting  admirable  reports  on  each  division  of  medical  science  from  the  pens  of  indi- 
viduals who  have  specially  devoted  themselves  to  these  various  branches  of  professional  pursuit.” — 
Extract  from  Dr.  Charlton's  Retrospective  Address  before  the  Provincial  Medical  Association,  at 
Sheffield,  July  1845. 

“ Useful  in  a high  degree,  by  concentrating  into  one  volume  a large  amount  of  scientific  information. 
The  work  is  well  conceived  and  executed  with  ability,  and,  we  doubt  not,  wTill  be  useful  to  those  who  feel 
it  their  duty  to  keep  up  with  the  knowledge  of  the  day.” — Edinburgh  Medical  and  Surgical  Journal. 
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DR.  F.  H.  RAMSBOTHAM, 

PHYSICIAN  TO  THE  ROYAL  MATERNITY  CHARITY,  ETC. 

THE  PRINCIPLES  AND  PRACTICE  OF  OBSTETRIC  MEDI- 

CINE  AND  SURGERY,  IN  REFERENCE  TO  THE  PROCESS  OF  PAR- 
TURITION.  Illustrated  with  One  Hundred  and  Ten  Plates  on  Steel  and  Wood; 
forming  one  thick  handsome  volume.  Second  Edition.  8vo.  cloth,  22s. 

“ The  work  of  Dr.  Ramsbotham  may  be  described  as  a complete  system  of  the  principles  and  practice 
of  midwifery  ; and  the  author  has  been  at  very  great  pains  indeed  to  present  a just  and  useful  view  of 
the  present  state  of  obstetrical  knowledge.  The  illustrations  are  numerous,  well  selected,  and  appropri- 
ate, and  engraved  with  great  accuracy  and  ability.  In  short,  we  regard  this  work,  between  accurate 
descriptions  and  useful  illustrations,  as  by  far  the  most  able  work  on  the  principles  and  practice  of  mid- 
wifery that  has  appeared  for  a long  time.  Dr.  Ramsbotham  has  contrived  to  infuse  a larger  portion  of 
common  sense  and  plain  unpretending  practical  knowledge  into  his  work  than  is  commonly  found  in 
works  on  this  subject ; and  as  such  we  have  great  pleasure  in  recommending  it  to  the  attention 
of  obstetrical  practitioners.” — Edinburgh  Medical  and  Surgical  Journal. 
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DR.  RAMSBOTHAM, 

CONSULTING  PHYSICIAN  TO  THE  ROYAL  MATERNITY  CHARITY. 

PRACTICAL  OBSERVATIONS  ON  MIDWIFERY,  with  a Selection 

of  Cases.  Second  Edition.  8vo.  cloth,  12s. 

Dr.  Dewes  states,  in  his  advertisement  to  the  American  edition,  “ that  he  was  so  much  pleased  with 
Dr.  Ramsbotham’s  work  on  Midwifery,  that  he  thought  he  would  be  doing  an  acceptable  office  to  the 
medical  community  in  America,  should  he  cause  it  to  be  re-published.  He  believes  he  does  not  say  too 
much  when  he  declares  it  to  be,  in  his  opinion,  one  of  the  best  practical  works  extant.” 

“ This  is  an  excellent  work,  and  well  deserves  a place  in  the  first  rank  of  practical  treatises  on  the 
obstetric  art.  ...  It  is  characterised  throughout  by  the  eloquence  of  simplicity  and  plain  good  sense,  and 
it  has  the  inestimable  merit  of  keeping  perpetually  to  the  point.  . . . Not  only  as  a companion  to  other 
works,  but  for  its  intrinsic  merits,  it  ought  to  have  a place  in  every  public  and  private  medical  library.” 
— Medico-Chirurgical  Review. 
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DR.  M'CONNELL  REED,  M.R.C.S.E. 

EEYER  PHYSIOLOGICALLY  CONSIDERED.  — Considerations  on 

Yellow  Fever,  Typhus  Fever,  Plague,  Cholera,  and  Sea-Scurvy;  also  the  Questions  of 
Contagion  and  the  Quarantine  Laws;  with  an  Address  to  the  Public  on  the  Popular 
Treatment  of  Cholera.  Post  8vo.  cloth,  10s.  Qd. 


P.  RAYER,  D.M.P. 

A TREATISE  ON  DISEASES  OF  THE  SKIN.  Translated  from 

the  French,  by  WILLIAM  B.  DICKENSON,  Esq.  M.R.C.S.  8vo.  12s. 

“ We  can  recommend  the  present  translation  of  Rayer’s  Treatise  as  an  excellent  companion  at  the 
bedside  of  the  patient.” — Lancet. 
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DR.  JAMES  REID. 

A MANUAL  OF  PRACTICAL  MIDWIFERY.  Intended  chiefly  as 

a Book  of  Reference  for  Students  and  Medical  Practitioners.  With  Engravings  on 
Wood.  24mo.  cloth,  5s.  6d. 

“The  relative  diameters  of  the  pelvis  and  the  foetal  head,  and  the  different  presentations  of  the 
child,  are  all  usefully  represented  by  wood  engravings  among  the  letter-press,  and  the  book  is  thus 
particularly  well  calculated  to  effect  the  objects  of  such  a work.” — Lancet. 


ON  SPINAL  IRRITATION,  the  Source  of  Nervousness,  Indigestion, 

and  Functional  Derangements  of  the  Principal  Organs  of  the  Body  ; with  Cases 
illustrating  the  most  successful  Mode  of  Treatment.  Post  8vo.  cloth,  5s.  (J d. 

II. 

ON  TIIE  REMEDIAL  INFLUENCE  OF  OXYGEN  OR  VITAL 

AIR,  and  other  Gases,  Electricity,  and  Galvanism,  in  Restoring  the  Healthy  Functions 
of  the  Principal  Organs  of  the  Body.  Post  8vo.  cloth,  5s.  6 d. 

MR.  ROBINSON. 

AN  INQUIRY  INTO  THE  NATURE  AND  PATHOLOGY  OF 

GRANULAR  DISEASE  OF  THE  KIDNEY,  and  its  Mode  of  Action  in  pro- 
ducing Albuminous  Urine.  8vo.  3s.  6d. 


DR.  ROE, 

PHYSICIAN  TO  THE  WESTMINSTER  HOSPITAL. 


A TREATISE  ON  THE  NATURE  AND  TREATMENT  OF 

HOOPING-COUGH,  and  its  COMPLICATIONS,  tivo.  cloth,  8s. 

“ The  present  volume  is  a well-timed  and  valuable  addition  to  the  literature  of  juvenile  disease,  and 
is  highly  creditable  to  its  author  as  a practical  physician.” — Medical  Gazette. 
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DR.  ROWE,  F.S.A. 

I. 

PRACTICAL  OBSERVATIONS  ON  NERVOUS  DISEASES  Ori- 
ginating FROM  MORBID  DERANGEMENT  OF  THE  LIVER,  STO- 
MACII,  &c.  and  occasioning  Low  Spirits  and  Indigestion;  with  Cases  illustrating  the 
most  successful  Mode  of  Treatment.  Ninth  Edition.  Hvo.  5s.  (id. 

ii. 

ON  SOME  OF  THE  MOST  IMPORTANT  DISEASES  OF 

WOMEN.  Hvo.  5s.  6d. 


DR.  W-  H.  ROBERTSON, 

PHYSICIAN  TO  THE  BUXTON  BATH  CHARITY. 

I. 

THE  NATURE  AND  TREATMENT  OF  GOUT. 

8vo.  cloth,  10s.  Gd. 

“ We  cannot  conclude  this  notice  of  Dr.  Robertson’s  treatise  without  cordially  recommending  it  as  a 
sound  and  practical  work,  fitted  for  reference,  both  as  a work  of  information  on  the  subject,  and 
as  a guide  to  practice.” — Provincial  Medical  Journal. 
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II. 


A TREATISE  ON  DIET  AND  REGIMEN. 

Fourth  Edition. 

Yol.  I.  Post  Hvo.  cloth,  (is. 

VoL  II.  in  Ihe  Press. 
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MR.  GEORGE  REDFORD,  M.R.C.S. 

BODY  AND  SOUL;  OR,  LIFE,  MINT),  AND  MATTER  consi- 

dered  as  to  their  peculiar  Nature,  and  combined  Condition  in  Living  Things;  with  a 
view  to  render  the  Physiology  of  Life  and  Mind  more  easily  understood  by  the  general 
Reader.  With  Plates.  8vo.  7s. 


DR.  SEARLE,  M.R.C.S. E. 

THE  WHY  AND  THE  WHEREFORE ; OR,  THE  PHILOSOPHY 

OF  LIFE,  HEALTH,  AND  DISEASE  : New  and  Original  Views  explanatory  of 
their  Nature,  Causes,  and  Connexion,  and  of  the  Treatment  of  Disease  upon  a few  General 
Principles  based  upon  the  Laws  of  Nature  and  Common  Sense,  the  Fruit  of  Thirty  Years’ 
Professional  Experience.  8vo.  cloth,  8s. 
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MR.  SHAW. 


THE  MEDICAL  REMEMBRANCER ; OR,  BOOK  OF  EMER- 

GENCIES  : in  which  are  concisely  pointed  out  the  Immediate  Remedies  to  be  adopted 
in  the  First  Moments  of  Danger  from  Poisoning,  Drowning,  Apoplexy,  Burns,  and  other 


Accidents;  with  the  Tests  for  the  Principal  Poisons, 
Second  Edition.  32mo.  cloth,  2s.  6d. 


and  other  useful  Information. 


“ The  plan  of  this  little  book  is  well  conceived,  and  the  execution  corresponds  thereunto.  It  costs 
little  money,  and  will  occupy  little  room ; and  we  think  no  practitioner  will  regret  being  the  possessor  of 
what  cannot  fail,  sooner  or  later,  to  be  useful  to  him.” — British  and  Foreign  Medical  Review. 


J.  STEPHENSON,  M,D.,  & J.  M.  CHURCHILL,  F.  L.S. 

MEDICAL  BOTANY;  OR,  ILLUSTRATIONS  AND  DESCRIP- 
TIONS OF  THE  MEDICINAL  PLANTS  OF  THE  PHARMACOPEIAS;  com- 
prising  a popular  and  scientific  Account  of  Poisonous  Vegetables  indigenous  to  Great 
Britain.  New  Edition,  edited  by  GILBERT  BURNETT,  F.  L.  S.,  Professor  of  Botany 
in  King’s  College. 

In  three  handsome  royal  8vo.  volumes,  illustrated  by  Two  Hundred  Engravings,  beau- 
tifully drawn  and  coloured  from  nature,  cloth  lettered,  Six  Guineas. 

“ The  most  complete  and  comprehensive  work  on  Medical  Botany.” — Pharmaceutical  Journal. 

“ So  high  is  our  opinion  of  this  work,  that  we  recommend  every  student  at  college,  and  every 
surgeon  who  goes  abroad,  to  have  a copy,  as  one  of  the  essential  constituents  of  his  library.” — 
Dr.  Johnson’s  Medico-Chirurgical  Review. 

“ The  work  forms  a complete  and  valuable  system  of  toxicology  and  materia  medica.  It  will  prove  a 
valuable  addition  to  the  libraries  of  medical  practitioners  and  general  readers.” — Lancet. 

“The  figures  are  equal,  if  not  superior,  to  those  of  any  other  botanical  periodical.” — ■ Loundes ’ 
Gardener’s  Magazine. 
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DR.  SHEARMAN. 

AN  ESSAY  ON  THE  PROPERTIES  OF  ANIMAL  AND 

VEGETABLE  LIFE;  their  Dependence  on  the  Atmosphere,  and  Connection  with  each 

Post  8vo.  cloth,  5s.  6d. 


other,  in  Relation  to  the  F unctions  of  Health  and  Disease 


-&%- 


« I>f 


■*©- 


MIl.  CHURCHILL  S PUBLICATIONS. 


DR.  STEGGALL. 

student’s  BOOKS  FOR  EXAMINATION. 

I. 

A MANUAL  FOR  THE  USE  OF  STUDENTS  PREPARING  FOR  EXAMINA- 

TION AT  APOTHECARIES’  HALL.  Tenth  Edition.  12mo.  doth,  8s. (M. 

II. 

A MANUAL  FOR  THE  COLLEGE  OF  SURGEONS;  intended  for  the  Use 

of  Candidates  for  Examination  and  Practitioners.  One  thick  volume.  12mo.  cloth,  12 s.  Gd. 

nr. 

GREGORY’S  CONSPECTUS  MEDICINE  THEORETICS.  The  First  Part,  con- 

taining  the  Original  Text,  with  an  Ordo  Verborum,  and  Literal  Translation.  12mo. 
cloth,  10s. 

IV. 

THE  FIRST  FOUR  BOOKS  OF  CELSUS;  containing  the  Text,  Ordo  Ver- 

borum,  and  Translation.  12mo.  cloth,  8s. 

***  The  above  two  works  comprise  the  entire  Latin  Classics  required  for  Examination  at 

Apothecaries’  Hall. 

V. 

A TEXT-BOOK  OF  MATE1UA-MED1CA  AND  THERAPEUTICS.  12mo.  cloth,  7s. 

VI. 

FIRST  LINES  FOR  CHEMISTS  AND  DRUGGISTS  PREPARING  FOR  Ex- 

amination AT  THE  PHARMACEUTICAL  SOCIETY.  1 8mo.  doth,  3s.  6d. 
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MR.  SMITH. 

FltUITS  AND  FAPINACEA  THE  PROPER  FOOD  OF  MAN ; 

being  an  Attempt  to  prove,  from  History,  Anatomy,  Physiology,  and  Chemistry,  that  the 
Original,  Natural,  and  Best  Diet  of  Man  is  derived  from  the  Vegetable  Kingdom.  Post 
8vo.  cloth,  9s. 

“ Few  persons  will  read  from  end  to  end,  as  we  have  done,  without  receiving  impressions  that  must 
tend  to  frequent  reflection.  We  recommend  the  volume  before  us  as  equally  curious  and  useful.” — 
AtheruBum. 
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DR.  STEWARD, 

FELLOW’  OF  THE  ROYAL  COLLEGE  OF  PHYSICIANS,  ETC. 


PRACTICAL  NOTES  ON  INSANITY.  Post  8vo.  cloth,  4*. 

“The  author  of  these  ‘Practical  Notes’  was  for  some  years  physician  to  the  Droitwich  Lunatic 
Asylum,  long  known  as  one  of  the  best  conducted  private  establishments  for  the  reception  of  the  insane 
in  the  kingdom. 

“Those  who  consult  this  work  will  find  many  valuable  reflections  interspersed  throughout  its  pages, 
in  reference  to  the  treatment  and  moral  management  of  the  insane.  We  are  unable  to  follow  the  author 
further,  but  we  cannot  conclude  without  expressing  an  entire  approval  of  the  spirit  in  which  his  remarks 
are  written.” — Provincial  Medical  and  Surgical  Journal. 

II. 

ON  DYSPEPSIA;  with  Remarks  submitted  in  Support  of  the  Opinion, 

that  the  proximate  cause  of  this,  and  of  all  other  Diseases  affecting  the  General  System,  is 
Vitiation  of  the  Blood.  Post  8vo.  cloth,  4s. 


THE  CLIMATE  OF  THE  SOUTH  OF  DEVON,  AND  ITS  IN- 

FLUENCE  UPON  HEALTH.  With  short  Accounts  of  Exeter,  Torquay,  Teign- 
mouth,  Dawlish,  Exmouth,  Sidmouth,  &c.  Illustrated  with  a Map  geologically  coloured. 
Post  8vo.  cloth,  7s.  6(7. 

“ This  volume  is  far  more  than  a guide-book.  It  contains  much  statistical  information,  with  very 
minute  local  details,  that  may  be  advantageously  consulted  by  the  medical  man  before  he  recommends 
any  specific  residence  in  Devonshire  to  his  patient.” — Athenceum. 
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MR.  SAVORY, 


MEMBER  OF  THE  SOCIETY  OF  APOTHECARIES,  AND  PRESIDENT  OF  THE 

PHARMACEUTICAL  SOCIETY. 


A COMPENDIUM  OF  DOMESTIC  MEDICINE,  AND  COMPA- 

NION  TO  THE  MEDICINE  CHEST  ; comprising  Plain  Directions  for  the  Employ- 
ment of  Medicines,  with  their  Properties  and  Doses,  and  Brief  Descriptions  of  the 
Symptoms  and  Treatment  of  Diseases,  and  of  the  Disorders  incidental  to  Infants  and 
Children,  with  a Selection  of  the  most  efficacious  Prescriptions.  Intended  as  a Source 
of  Easy  Reference  for  Clergymen,  and  for  Families  residing  at  a Distance  from  Profes- 
sional Assistance.  Third  Edition.  12mo,  cloth,  5s. 

“ This  little  work,  divested  as  much  as  possible  of  technical  and  scientific  phraseology,  is  intended  for 
the  use  of  travellers,  and  those  humane  characters  who,  residing  at  a distance  from  a duly  qualified 
medical  practitioner,  devote  a portion  of  their  time  to  the  relief  and  mitigation  of  the  complicated  mis- 
fortunes of  disease  and  poverty  among  their  poor  neighbours.  It  is,  however,  earnestly  recommended 
not  to  place  too  much  confidence  on  books  of  domestic  medicine,  especially  in  such  cases  as  are  of  a 
serious  nature,  but  always  to  have  recourse  to  the  advice  of  an  able  physician  as  early  as  it  can  be 
obtained.” — Extract  from  Preface. 


MR.  SNELL,  M.R.C.S. 

A PRACTICAL  GUIDE  TO  OPERATIONS  ON  THE  TEETH. 

With  Plates.  8vo.  cloth,  8s. 

“ Those  of  our  readers  who  practise  in  the  department  of  surgery  on  which  Mr.  Snell’s  essay  treats 
will  find  useful  instructions  on  the  mode  of  extracting  teeth,”  &c. — Medical  Gazette. 

“This  is  the  best  practical  manual  for  the  dentist  we  have  seen  in  any  language.” — Athenceum. 
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MR.  STAFFORD, 

SURGEON  TO  THE  ST.  MARYLEBONE  INFIRMARY, 

THE  TREATMENT  OF  SOME  AFFECTIONS  OF  THE  PROS- 

TRATE  GLAND.  With  Plate,  8yo.  Ss. 

“ We  have  read  Mr.  Stafford’s  work  with  considerable  interest:  the  great  frequency  of  such  diseases, 
their  difficulty  of  management,  their  extreme  inconvenience,  render  every  attempt  to  improve  their 
treatment  worthy  of  encouragement,  and  entitle  the  practitioner,  who,  with  a view  to  such  improvement, 
ventures  out  of  the  beaten  road  of  practice,  to  our  liberal  consideration,  our  cordial  thanks,  and  sincere 
gratulations  on  his  success.” — Medical  Gazette. 


DR.  TURNBULL, 

PHYSICIAN  TO  THE  LIVERPOOL  NORTHERN  HOSPITAL. 

A TABULAR  VIEW  AND  SYNOPSIS  OF  THE  PHYSICAL 


SIGNS  AND  DIAGNOSIS  OF  THE 
Woodcuts,  mounted  on  cloth,  5s.  boards. 


DISEASES  OF  THE  LUNGS.  With  (i 


This  tabular  view,  affording  a coup  d’ceil  of  the  various  auscultatory  &c.  phenomena  discoverable  in 
health  and  disease,  will  prove  useful  to  many  practitioners,  as  well  as  students,  in  their  investigation  of 
thoracic  maladies.”— -Medico-Chirurgical  Review. 
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mr.  churchill's  publications. 


MR.  TUSON,  F.R.S. 


8URGEON  TO  THE  MIDDLESEX  HOSPITAL. 


I. 


the  Muscles  of  the  Human  Body,  in  Layers,  as  they  appear  on  Dissection.  Second 
Edition.  Large  folio,  3/.  12s. 

“ In  these  plates,  the  muscles  being  separately  lithographed,  are  cut  out  and  arranged,  stratum  super 
stratum , in  their  proper  situation  on  the  bone,  so  as  clearly  to  demonstrate  their  origins,  insertions, 
positions,  shapes,  &c.,  thus  forming,  next  to  actual  dissection,  the  most  ready  and  easy  method  of  learn- 
ing the  human  body.’  ’ — Lancet. 


II. 


a Peculiar  Construction; containing  the  Arteries,  Veins,  Nerves,  and  Lymphatics,  the  Ab- 
dominal and  Thoracic  Viscera,  the  Brain,  the  Ear,  the  Eye,  &c.  (See.,  4/.  12s. 

“ We  have  already,  on  several  occasions,  had  reason  to  speak  favourably  of  Mr.  Tuson ; on  the  pre- 
sent occasion,  we  cannot  resist  the  pleasure  of  expressing  the  very  high  opinion  we  entertain  of  his 
ability,  ingenuity,  and  industry.  These  plates  do  him  credit ; they  are  happily  conceived,  and  as  hap- 
pily executed.  To  the  student  we  recommend  the  work,  as  serving  all  that  such  delineations  can — the 
assisting,  not  the  superseding,  of  dissection.” — Medico- Chirurgical  Review. 


III. 


FEMORAL  HERNIA.  Illustrated  by  Plates  coloured  from  Nature,  and  interspersed 
with  Practical  Remarks.  Large  folio,  21.  2s. 

“The  plates  are  so  arranged  as  to  show  the  mechanism  both  of  femoral  and  inguinal  hernia  in  a very 
clear  and  satisfactory  manner ; they  are  thus  calculated  to  assist,  in  a remarkable  degree,  the  labour  of 
the  student.” — Medical  Gazette. 


IV. 


SPINE,  AND  DISEASES  OF  THE  VERTEBRAL  COLUMN,  with  Cases.  Plates. 
8vo.  cloth,  10s. 


“ Mr.  Tuson’s  treatment  is  sound  and  judicious,  and  there  is  much  solid  and  useful  information  to  be 
obtained  from  a perusal  of  his  pages.  We  recommend  the  volume  as  deserving  the  attention  of  our 
readers . ’ ’ — Lancet. 


V. 


STRUCTURE 


FEMALE 


BREAST,  as  they  relate  to  its  Health,  Derangement,  or  Disease.  8vo.  cloth,  10s.  GJ. 
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MR.  T U K E. 


JACOBI 


OF  HOSPITALS  FOR  THE  INSANE. 


5 INSANE.  Translated  from  the  German.  With  In- 


troductory Observations  by  the  Editor.  With  Plates.  Bvo.  cloth,  9s. 

“ We  have  just  received,  with  very  great  pleasure,  a translation  of  Dr.  Maximilian  Jacobi’s  work,  and 
we  desire  to  recommend  it  strongly  to  our  readers.  The  whole  work  is  composed  with  a rare  practical 
knowledge  of  the  subject,  which  has  seldom  marked  the  recent  publications  of  the  same  class.  The  ob- 
servations both  of  the  author  and  of  Mr.  Tuke  are  such  as  may  suggest  improvements  in  every  institu- 
tion for  lunatics  in  the  country.” — Medical  Gazette. 




mr.  churchill’s  publications. 


MR.  TAYLOR,  F.R.S. 

LECTURER  ON  MEDICAL  JURISPRUDENCE  AND  CHEMISTRY  AT  GUY’S  HOSPITAL. 


A MANUAL  OF  MEDICAL  JURISPRUDENCE.  Second  Edition. 

Foolscap  8 vo.  cloth,  12s.  Qd. 

CONTENTS. 

Poisoning — Wounds — Infanticide — Drowning — Hanging — Strangulation — Suffocation — 
Lightning — Cold — Starvation — Rape — Pregnancy — Delivery — Birth— Inheritance — Legiti- 
macy— Insanity,  &c.  &c. 

“We  recommend  Mr.  Taylor’s  work  as  the  ablest,  most  comprehensive,  and,  above  all,  the  most 
practical  useful  book  which  exists  on  the  subject  of  legal  medicine.  Any  man  of  sound  judgment,  who 
has  mastered  the  contents  of  Taylor’s  ‘ Medical  Jurisprudence,’  may  go  into  a Court  of  Law  with  the 
most  perfect  confidence  of  being  able  to  acquit  himself  creditably.” — Medico- Chirurgical  Review. 

“ Mr.  Taylor  possesses  the  happy  art  of  expressing  himself  on  a scientific  topic  in  intelligible  language. 
The  size  of  his  Manual  fits  it  to  be  a circuit  companion.  It  is  one  of  the  most  beautiful  specimens  of 
typography  we  ever  had  the  pleasure — and  it  is  a pleasure — of  perusing.” — Law  Times. 


II. 

ON  POISONS.  Foolscap  8vo.  cloth,  12s.  6d.  Just  ready. 

DR.  UNDERWOOD. 

TREATISE  ON  THE  DISEASES  OF  CHILDREN.  Tenth  Edition, 

with  Additions  and  Corrections  by  HENRY  DAVIES,  M.D.  8vo.  cloth,  15s. 


VESTIGES  OF  TEE  NATURAL  HISTORY  OF  CREATION. 

Sixth  Edition.  Post  8vo.  cloth,  9s. 

DITTO.  A Reprint.  Foolscap  8vo.  sewed,  2s.  6d. 

BY  THE  SAME  AUTHOR. 

EXPLANATIONS:  A SEQUEL  TO  “VESTIGES.” 

Second  Edition.  Post  8vo.  cloth,  5s. 


THE  LONDON  GEOLOGICAL  JOURNAL,  AND  RECORD  OF 

DISCOVERIES  IN  BRITISH  AND  FOREIGN  PALCEONTOLOGY.  Illustrated 
with  numerous  Plates.  Royal  8vo.  3s.  6d.  Nos.  I.,  II.,  and  III. 


DR.  WALLER, 

LECTURER  ON  MIDWIFERY  AT  ST.  THOMAS’S  HOSPITAL. 

A PRACTICAL  TREATISE  ON  THE  FUNCTION  AND  DIS- 

EASES  OF  THE  UNIMPREGNATED  WOMB.  With  a Chapter  on  Leucorrhosa, 
Fluor  Albus,  or  Weakness.  Illustrated  by  Plates.  8vo.  cloth,  9s. 

“The  present  volume  contains  a short  and  succinct  practical  account  of  the  principal  morbid  states 
either  of  the  functions  or  the  structure  of  the  womb,  the  best  methods  of  distinguishing  them,  and  the 
means  which  experience  has  shown  to  be  the  most  effectual  in  removing  them.  The  reader  will  find 
that  he  obtains,  in  a small  compass,  a distinct  view  of  the  nature  and  treatment  of  each  disorder.” — 
Edinburgh  Medical  and  Surgical  Journal. 


— r>* 


MR.  CHURCHILL  S PUBLICATIONS. 


ERASMUS  WILSON,  F.R.S. 
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THE  ANATOMIST’S  VADE-MECUM:  A SYSTEM  OF  HUMAN 

ANATOMY.  With  numerous  Illustrations  on  Wood.  Fourth  Edition.  Foolscap  8vo. 
cloth,  12s.  6</. 

“ As  a satisfactory  proof  that  the  praise  we  bestowed  on  the  first  edition  of  this  work  was  not 
unmerited,  we  may  observe  it  has  been  equally  well  thought  of  in  foreign  countries,  having  been 
reprinted  in  the  United  States  and  in  Germany.  In  every  respect,  this  work,  as  an  anatomical  guide 
for  the  student  and  the  practitioner,  merits  our  warmest  and  most  decided  praise.” — Medical  Gazette. 

II. 

DISEASES  OF  THE  SKIN : A Practical  and  Theoretical  Treatise  on 

the  DIAGNOSIS,  PATHOLOGY,  and  TREATMENT  OF  CUTANEOUS  DIS- 
EASES, arranged  according  to  a Natural  System  of  Classification,  and  preceded  by  an 
Outline  of  the  Anatomy  and  Physiology  of  the  Skin.  Second  Edition.  8vo.  cloth,  12s. 

The  same  Work  ; illustrated  with  Eight  fmely-executed  Engravings  on  Steel,  accurately 
coloured.  8vo.  cloth,  28s. 

“The  work  is  very  considerably  improved  in  the  present  edition,  and  is,  for  the  first  time,  illustrated 
with  plates.  Of  these  plates  it  is  impossible  to  speak  too  highly.  The  representations  of  the  various 
forms  of  cutaneous  disease  are  singularly  accurate,  and  the  colouring  exceeds  almost  anything  we  have 
met  with  in  point  of  delicacy  and  finish.” — British  and  Foreign  Medical  Review. 

III. 

A PRACTICAL  TREATISE  ON  HEALTHY  SKIN;  with  Rules 


for  the  Medical  and  Domestic  Treatment  of  Cutaneous  Diseases. 
Engravings.  Second  Edition.  Post  8vo.  cloth,  10s.  6d. 


Illustrated  with  Steel 


“The  student  will  be  delighted  to  find  his  labours  so  much  facilitated,  and  a few  hours  of  agreeable 
society  with  a most  pleasantly-written  book  will  do  more  to  make  him  acquainted  with  a class  of  obscure 
diseases  than  all  that  has  been  previously  written  on  the  subject.” — Lancet. 


IV. 


ON  RINGWORM,  ITS  CAUSES,  PATHOLOGY,  AND  TREAT- 

MENT.  Illustrated  with  a Steel  Plate.  Post  8vo.  cloth,  os. 


PORTRAITS  OF  DISEASES  OF  THE  SKIN.  Folio.  Fasciculus  I. 

Containing  Four  highly-finished  Coloured  Plates.  Nearly  ready. 
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M R.  WALK  E R. 

INTERMARRIAGE ; OE,  THE  NATURAL  LAWS  BY  WniCII 

BEAUTY,  HEALTH,  AND  INTELLECT  RESULT  FROM  CERTAIN 
UNIONS,  AND  DEFORMITY,  DISEASE,  AND  INSANITY  FROM 
OTHERS.  With  Delineations  of  the  Functions  and  Capacities  which  each  Parent 
bestows  on  Children,  and  an  Account  of  Corresponding  Effects  in  the  Breeding  of 
Animals.  With  Plates.  Second  Edition.  8vo.  cloth,  14s. 

“ One  of  the  newly- discovered  laws  of  nature  announced  in  this  work  gives  to  man,  for  the  first  time, 
precise  rules  for  the  guidance  of  intermarriage  in  his  own  race,  and  for  that  of  breeding  among  animals.” 
— Literary  Gazette. 

“This  is  in  many  respects  a very  remarkable  book.  We  are  not  disposed  to  go  the  whole  length 
with  the  author  in  the  positions  he  maintains ; but  he  has  collected  in  support  of  them  a mass  of  facts, 
many  of  them  as  novel  as  they  are  unimpeachable,  which  render  his  volume  alike  important  and  inter- 
esting to  the  physiologist.” — British  and  Foreign  Medical  Review. 
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JO- 


DR.  WILLIAMS,  F.R.S. 

PROFESSOR  OF  TIXE  PRACTICE  OF  MEDICINE,  UNIVERSITY  COLLEGE,  LONDON. 


I. 

PKINCIPLES  OP  MEDICINE  ; comprehending  General  Pathology  and 

Therapeutics.  8vo.  Second  Edition.  In  the  Press. 

“ Thanks  are  due  to  Dr.  Williams  for  publishing  a work  like  the  present : to  the  student  of  medicine, 
sincerely  anxious  to  study  and  understand  the  great  principles  of  the  science,  he  has  rendered  a very 
useful  service  ; while  the  practitioner  will  be  all  the  better  for  having  his  knowledge  made  clear,  orderly 
and  precise  by  the  aid  of  a work  like  the  present.” — Edinburgh  Medical  Journal. 

“ We  hail  its  appearance,  not  only  on  account  of  the  value  we  are  ready  to  attach  to  any  production 
from  the  pen  of  its  accomplished  author,  but  also  as  the  indication  of  a vast  improvement  in  medical 
teaching,  which  must  operate  most  favourably,  at  no  distant  date,  on  medical  practice.  The  detailed 
examination  on  which  we  now  enter  will  show  that  our  anticipations  are  not  too  high  and  that  the 
work  possesses  the  strongest  claims  to  attention.” — British  and  Foreign  Medical  Review. 

“ The  work  before  us  is  well  calculated  to  supply  a most  important  link  in  the  chain  of  medical  edu- 
cation  Important  practical  deductions  meet  the  eye  in  every  page.  The  work  will  prove  very  use- 

ful to  the  medical  student,  and  to  the  practitioner  who  is  desirous  of  keeping  pace  with  the  knowledge 
of  the  day,  and  of  being  informed  of  the  many  important  discoveries  recently  made  in  the  various 
branches  of  science  connected  with  practical  medicine.” — Medical  Gazette. 
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DR.  J.  WILLIAMS. 

AN  ESSAY  ON  THE  USE  OF  NARCOTICS  AND  OTHER 

REMEDIAL  AGENTS  CALCULATED  TO  PRODUCE  SLEEP  IN  THE 
TREATMENT  OF  INSANITY,  for  which  the  Author  obtained  the  Lord  Chan- 
cellor’s Prize  in  Ireland.  Post  8vo.  cloth,  4s. 

“The  author  has  brought  under  consideration  the  whole  of  the  leading  plans  of  treatment  which  are 
at  present  adopted  in  the  management  of  the  insane ; and  they  evince  very  careful  research  and  sound 
practical  knowledge.  His  observations  upon  the  effects  of  the  various  kinds  of  narcotics,  and  his  esti- 
mate of  their  comparative  value,  are  remarkably  good,  and  may  be  consulted  with  advantage  as  well  by 
the  practitioner  as  the  student.  We  strongly  recommend  a perusal  of  this  interesting  and  able  Essay  ; 
its  publication  will  add  to  the  author’s  reputation  as  a diligent  and  acute  observer.” — Medical  Gazette. 


II. 

ON  THE  ANATOMY,  PHYSIOLOGY,  AND  PATHOLOGY  OF 

THE  EAR ; being  the  Prize  Essay  in  the  University  of  Edinburgh.  With  Plates. 
8vo.  cloth,  10s.  6d. 

“ We  are  glad  that  this  neglected  branch  of  surgery  is  in  a fair  way  of  attracting  the  attention  which 
on  every  account  it  merits.  We  can  recommend  Dr.  Williams’s  work  as  containing  much  interesting 
and  useful  information.” — Dublin  Medical  Press. 


MR.  WHITEHEAD,  F.R.C.S. 

SURGEON  TO  THE  MANCHESTER  AND  SALFORD  LYING-IN  HOSPITAL. 

THE  CAUSES  AND  TREATMENT  OF  ABORTION  AND 

STERILITY  : being  the  result  of  an  extended  Practical  Inquiry  into  the  Physiological 
and  Morbid  Conditions  of  the  Uterus,  with  reference  especially  to  Leucorrhoeal  Affec- 
tions, and  the  Diseases  of  Menstruation.  8vo.  cloth,  12s. 


DR.  WHITE. 

A TREATISE  ON  THE  PLAGUE.  With  Hints  on  Quarantine. 

8vo.  cloth,  10s.  6d. 
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MR.  YEARSLEY. 

DEAFNESS  PRACTICALLY  ILLUSTRATED ; being  an  Exposition 

of  Original  Views  as  to  the  Causes  and  Treatment  of  Diseases  of  the  Ear.  Post  8vo. 
cloth,  5s. 


CHURCHILLS  SERIES  OF  MANUALS  FOR  STUDENTS. 

“ We  here  give  Mr.  Churchill  public  thanks  for  the  positive  benefit  conferred  on  the 
Medical  Profession,  by  the  series  of  beautiful  and  cheap  Manuals  which  bear  his  imprint.” — 
British  and  Foreign  Medical  Review. 

AGGREGATE  SALE  32,2  50  COPIES. 

DR.  GOLDING  BIRD,  F.R.S. 

ELEMENTS  OF  NATURAL  PHILOSOPHY; 

Being  an  Experimental  Introduction  to  the  Study  of  the  Physical  Sciences,  with  numerous 
Illustrations  on  Wood.  Second  Edition.  Fcap.  Hvo.  cloth,  l'i*.  dd. 
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DR.  CARPENTER,  F.R.S. 

A MANUAL  OF  PHYSIOLOGY. 

With  numerous  Illustrations  on  Steel  and  Wood.  Fcap.  8vo.  cloth,  12s.  (id. 

MR.  FERGUSSON,  F.R.S.E. 

A SYSTEM  OF  PRACTICAL  SURGERY. 

With  numerous  Illustrations  on  Wood.  Second  Edition.  Fcap.  Hvo.  cloth,  12s.  dd. 

MR.  FOWNES,  PH.D.,  F.R.S. 

A MANUAL  OF  CHEMISTRY. 

With  numerous  Illustrations  on  Wood.  Fcap.  Hvo.  cloth,  12s.  (id. 


DR.  ROYLE,  F.R.S. 

A MANUAL  OF  MATERIA-M  EDICA. 

With  numerous  Illustrations  on  Wood.  Fcap.  Hvo.  cloth.  12s.  dd. 

MR.  TAYLOR,  F.R.S. 

A MANUAL  OF  MEDICAL  JURISPRUDENCE. 

Second  Edition.  Fcap.  Hvo.  cloth,  12s.  Go?. 

BY  THE  SAME  AUTHOR. 

ON  POISONS. 

Foolscap  Hvo.  cloth,  12s.  dd. 
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MR.  ERASMUS  WILSON,  F.R.S. 

THE  ANATOMIST’S  VADE-MECUM; 

A System  ok  Human  Anatomy.  With  numerous  Illustrations  on  Wood.  Fourth  Edition. 
Fcap.  Hvo.  cloth,.  12s.  dd. 
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MR.  WHARTON  JONES,  F.R.S. 

A MANUAL  OF  OPTHALMIC  MEDICINE  AND  SURGERY 

With  Coloured  Engravings  on  Steel,  and  Illustrations  on  Wood. 

Fcap.  8vo.  cloth,  12s.  dd. 
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